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PREFACE OF THE SECOND EDITION 

T he improvements in the art of metallurgy have rendered a new 
edition of this handbook necessary, although it is to be regretted that 
certain information known to the contributors and to the Editor must 
remain unpublished because of security considerations. 

In general, the plan of the first edition is repeated in the second. 
An attempt has been made to conform more closely to the idea of treating 
only of the reduction and refining of the metals and in the main to omit 
considerations of their working and utilization after production. This 
has resulted in the deletion of the chapter on Metallography and the 
addition of a chapter on Drying in its place. 

Another departure from the general plan of the first edition is that 
each volume is indexed separately and it vnU be necessary to consult the 
indexes of both in order to make certain one has all the references to the 
subjects. 

I wish to make special acknowledgement of the careful reading given 
the chapter on Aluminum by Mr. G. C. Riddell. 

Donald M. Liddell. 

New York, N.Y., 

Augustf 1945 . 



PREFACE OF THE FIRST EDITION 

T here are certain processes and materials that are common to all 
metallurgical operations: the use of refractories, of fuels, general 
methods of concentration, of filtration, etc. It has been my attempt to 
pick out these metallurgical common factors and to give each of them 
treatment in a separate chapter, following these chapters with others 
describing the metallurgy of each metal; or, in some cases, two or more 
metals, when there is no basic difference in their metallurgy, are treated 
in one chapter. 

The scheme of treatment in the various chapters is not uniform — ^it 
intentionally is not so. In general the attempt is made to treat at great- 
est length those metals of prime commercial importance, but this plan 
is departed from if it is felt that existing literature on a certain metal is 
not readily accessible to the ordinary metallurgical engineer. While 
with copper, lead and similar metals, the subject matter of the chapter 
is the extraction of the metal from the ore, in the case of such metals 
as magnesium and aluminum, where it is extremely unlikely that the 
average engineer will ever be called upon to design a reduction works, 
or to work in any plant except one with an established metallurgy, much 
of the space is given to the useful allo^^s of the metal and how to work 
with them. In some cases analytical methods are given when it is felt 
that existing literature is deficient. 

There is much that is elementary. The book is designed for the 
student as well as for the engineer and consultant, yet it is hoped that 
there is enough advanced material to make the book useful to the metal- 
lurgist of experience, particularly if he is confronted with problems some- 
what outside his o\vn specialty. There is no attempt to give extensive 
tables of basic data — ^for these the seeker is referred to International 
Critical Tables, the tables of the International Congress of Applied 
Chemistry, or to Landolt, or to the editor's ^^Metallurgists' and Chemists' 
Handbook." 

To the contributors is due more than their signed work indicates, as 
there has been much cooperative correction and criticism. I must, 
however, acknowledge special indebtedness to Percy E. Barbour, who 
took over all' work on the book during my various absences from the 
United States during the period of its preparation, and also to H. A. 
Megraw and Dr. Colin G. Fink, who have given liberally of their time, 
and to Thomas A. Wright, of Lucius Pitkin & Co., for his hints regard- 
ing rare-metal recovery. Lidoell. 

Bajutimore, Md., 
ilfay, 1926 . 


ix 



CONTENTS 


Page 

Preface to the Second Edition vii 

Preface to the First Edition ix 

Chapter 

I. ALEMiNirM (Liddell) 1 

II. Magnesium (Liddell) 44 

Bbryllum (Liddell) 67 

III. The Aekadi and Adkaline Earth Metals (Loonam) 73 

IV. Arsenic (Smith) 94 

V. Antimony (Riddell and Wang) 104 

VI. Bismuth (Smith) 139 

VII. Lead (Bowman) 144 

VIII. TREA'niENT of Elbctrolytic Slime AND ZiNc Crust (Jones) .... 216 

IX. Metallurgy of Copper (Pyne) 227 

X. Refining of Gold and Silver Bullion (Wagor) 275 

XI. Hydrombtallurgy of Gold and Silver (Sharwood) 289 

XII. Hydrombtallurgy of Copper (Tobelmann) 345 

XIII. Electrolytic Refining of Lead (Reinberg) 370 

XIV. The Electrolytic Zinc Process (Laist, Caples, and Wever) 379 

XV. Pyrometallurgy of Zinc (Ingalls) 444 

Cadmium (Ingalls) 469 

XVI. Mercury (Gould) 473 

XVII. The Role of Chlorine in Metallurgy (Croasdale) 517 

XVIII. Chromium (Perkins) 556 

XIX. Manganese (Hersam) 566 

XX. Cobalt (Schaal, Murphy, and Launch) 583 

XXI. Nickel (Liddell) 593 

XXII. Ferroalloy Metals (Doerner) 615 

XXIII. Radium and Uranium (Doerner) 637 

XXIV. Tin (Hallett) 656 

XXV. Minor Metals (Liddell) 680 

Appendix 

Index 

xi 



HANDBOOK 

OF 

NONFERROUS METALLURGY 

RECOVERY OF THE METALS 

CHAPTER I 

METALLURGY OF ALUMINUM AND ALUMINUM ALLOYS 

By Robert J. Anderson/ B. Sc. Met. E., D. Sc. 

Introductory. — Aluminum is one of the lightest of the metals that are used in large 
quantities, having a specific gravity of 2.70 ± ; once obtained as pig by modern reduc- 
tion processes, it can be cast, worked, alloyed, and fabricated with moderate ease; 
metallurgically, it is one of the most interesting metals, but not one-tenth so much 
scientific investigation has been given to it as to iron. The merits of aluminum and 
aluminum alloys have been forced upon the engineering trades against a not incon- 
siderable opposition, and their worth as engineering materials has been proved beyond 
any doubt. Aluminum has established a place for itself among the nonferrous metals 
because of its intrinsic worth and, particularly, through its applicability to aircraft 
construction. Although aluminum is one of the most abundant metals of the earth’s 
crust, it is at the same time one of the newest metals that have attained commercial 
importance. 

Historical Survey. — Aluminum, as a metal, cannot lay claim to great antiquity, as 
contrasted with iron, copper, and the copper alloys, and it was a rare metal as late 
as 1850. , Civilization is indebted to H. Sainte-Claire Deville for the pioneer work on 
reduction processes for the manufacture of metallic aluminum, but other investigators 
had carried out work prior to the eminent French chemist. Aluminum was first 
isolated by Oersted in 1825, who reduced aluminum chloride with potassium 
amalgam. The discovery of the metal has often been credited to Wohler, who^in 
1827 reduced the chloride with potassium. Up to 1845, Wohler had been able to 
produce only small amounts of aluminum, but still the amounts were sufficient to 
determine most of its properties. The attempts of early investigators to produce 
aluminum are described at length in some of the older texts (cf. Richards[2], MinetfS], 
€t aL)r- 

To H. Sainte-Claire Deville belongs the honor of having isolated aluminum in 
fairly large amounts in 1854. Deville first made aluminum by the reduction of 
aluminum chloride with potassium, and later improved the process, substituting the 

* This chapter has been ro\Tsed by the editor, 1944. 

* Throughout this chapter reference numbers apply to the appended bibliography, except in the case 
of obvious footnotes. 
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cheaper Bodium for potassium Pe^iUe also perfected processes for the manufacture 
of sodium, -which greatly reduced the price of both sodium and alummum The 
Deville processes, hou ever, w ere all expensive and not adapted to the cheap produc- 
tion of alummum m large tonnages Aluminum was made m small amounts m France 
and England by the Deville- Castner sodium-reduction method until the mvention of 
the Hall H^roult process m 188&-1887, which drove ah other proeessea from the field 
In 1886, the Conies processIlS] calling for the reduction of alumma by carbon in the 
presence of a metal (« 5 , copper) in the electric furnace, was patented and used com- 
mercially This was the first successful thermal process, but it yielded alummum 
alloys and not aluminum 

In 1886, Hall m America and H^roult in Europe found mdependently that alumma 
dissolved m a liquid bath of aluminum fluonde and the fluondc of another metal 
yielded an electrolyte that would be decomposed by the electric current according to 

AljO, = 2A1 + 30 

The effect of the Hall-H6roult electrometallurgical method on the price of aluminum 
was felt soon after 1886, and all other processes were driven from the field by 1892 
In 1855, the price of alummum was $113 per pound, in 1890 it was $2 38, in 1900 it 
was 23 cents, and in 1920 the lowest price, 16)^ cents, was reached, until the present 
war In the mtcnm from 1920 to 1939, the price varied from 20 to 33 cents 

Many workers have been associated with the rise of the alummum industry In 
addition to those mentioned above may be mentioned the names of Davy, Bun- 
sen, the Tissier brothers, Webster, Gratzel, IGemer, hloissan, Ruff, Guihni, Askenasy, 
Bradley, Winteler, Serpek, Doremus, Krause, Grabau, Frishmuth, Netto, Welden, 
and Hicnards 

Producers and Output, — The aluminum, industry of the world has grown by leaps 
and bounds smee the metal became relatively cheap commercially In tonnage, 
aluminum now stands second among the nonferrous metals, and it is exceeded only 
by copper The optimistic forecast that Dr J W Richards made m the early years 
of this century, that the production of alummum would overtake that of lead by 
1930 and zme by 1940, was not fulfilled, hut it is interesting to note that in 1943 
with a production of 1,840 358,000 lb in the United States it passed both of these 
nonferrous metals 

Aluminum Ores and Bauxite Mimng — Alummum is the most abundant of th,* 
commercial metals and is third in abundance of the dements m the earth’s crust, 
following oxygen and sihcon Aluminum is nearly twice as abundant as iron, and 
constitutes about 7 85 per cent of the earth's crust (Clarke) Aluminum is an essen- 
tial constituent of all important rocks, except the sandstones and hmestones, but even 
ibl thean. if a enmijmiiida. are, commftu. Abimiswi-m. naxes •awis?. w*f A’ sc,, awi, 

except for its fiuondcs, it invariably occurs as oxidized compounds Thus, it is found 
mainly in the silicates, such as the days, micas, and feldspars, as the oxide, corundum, 
aa the hydroxide, bauxite, as the fluoride, m ctyohte, and also in various phosphates 
and sulphates Although aluminum mmerala occur widely, few of these can be 
employed as ores m the manufacture of alummum Bauxite is the base ore for alumi- 
num reduction and bears the same relation to alummum that hematite does to iron 
Cryolite, either natural or artificial, is the basis of the reduction-cell bath The 
utilization of other matenab will be discussed later in this chapter 

Bauxite and Related Minerals —Theoretical bauxite has been given the formula 
AIiO« 2H«0, but the usual ore has a chemical composition midway between diaspore, 
AliOi HjO, and gibbsite, AljOj SHjO, sometimes it is near the one and sometimea near 
the other Bauxite is an earthy mineral and never crystallized, it occurs m a variety 
of forms, but usually has & pisohtic or oolitic structure, -with rounded concretionary 
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grains embedded in a claylike mass. The color ranges from light cream through 
various shades of brown to a deep brownish red, depending on the iron content. 
Bauxite takes its name from the village of Les Baux, near Arles in France, where it 
was first found by Berthier. The following physical properties of bauxite may be 
noted as an aid to identifying the mineral: hardness, 1 to 3 (Mohs' scale); specific 
gravity, 2.55; melting point — on heating it changes to AI2O3, which, when pure, melts 
at 1880 to 2050°C.; index of refraction, 1.57 ; color, white, cream, yellow, brown, .gray, 



Fig. 1. — Microstructure of bauxite pisolite with oolitic matrix; Xll. {Shearer.) 

or red; streak, variable; luster, dull to earthy ; cleavage, irregular fracture; transparency 
opaque; tenacity, crumbly. Diaspore and gibbsite are associated with bauxite and 
found under the same conditions. Laterite is an aluminous ore, which is essentially 
a mixture of iron hydrate, aluminum hydrate, and silica in varjdng proportions. The 
Indian aluminum ores are laterites. Figure 1 shows the microstructure of a hard, 
high-grade, pisolitic bauxite from Georgia. 



Fig. 2. — Typical bauxite deposit. {Hayes.) 


Various theories have been advanced by geologists to account for the deposition 
of bauxite in the earth's crust. Bauxite occurs under a variety of conditions that 
suggest dissimilarity of origin, and no one theory appears to account for all cases. 
Figure 2 shows a section of a typical bauxite deposit. The theory of deposition has 
been discussed by Haycs[151 among others. 

Commercial Bauxites. — Bauxite occurs at a number of places in the world, but 
l^igh-grade deposits are not numerous, and it appears that known bauxite reserves 
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harf a loaer ratio to annual u'e than ha\e the ores of anj other rommon metals 
Commarcial hausite ore » a hjtl rated oxide of aluminum, or a mixture eompo<ed of 
at leaal two and probal>l> three h>drate5, io««l with sanous impuntic^, ehieflv iron 
oxide, eihea cla> , and titanis Other iwpunties presint are calcium oxide, mapiesta, 
pota-fium oxide, and fodium oxide, m subordinate amount The w ater content, both 
raecbanical and combined, m x anxble ov cr a wide range Table 1 gix« the chemieal 
composition of some bauxites from xTinous aourcos, which will serxe to indicate the 
range of a > anet) of deposits The color of bauxites x ancs considerably depending 
upon the iron-oxidc content, l>cing wbitiah when Eilifft » predominant and when 
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Bauxites are used for abrasives, for chemical and refractory manufacture, and for 
the preparation of high-alumina cements, as well as for aluminum reduction; the 
grade of ore required is variable, depending upon the use« For different uses, the 
grades of bauxite desired in American practice are as follows: 

For aluminum manufacture: alumina, AI2O3, more than 52 per cent; silica, SiO^, 
less than 4.5 per cent; and ferric oxide, FegOg, less than 6.5 per cent. (At the present 
time, bauxite, carrying less than 50 per cent AI2O3 and up to 15 per cent SiOo, is being 
used.) High-grade bauxites for aluminum manufacture sometimes contain 58 to 65 
per cent AI2O3, as little as 1 per cent Fe 203 , and 3 to 5 per cent Si02. 

For chemical purposes (alum and aluminum sulphate preparation): alumina, 
AI2O3, more than 52 per cent; low ferric oxide and titania are preferable, c.^., less 
than 3 per cent of each, but for some uses less pure ores are employed; requirements on 
silica are not set, but bauxites containing up to 19 per cent Si02 are used. It is defi- 
nitely required that the alumina shall go readily into solution in dilute sulphuric 
acid. 

For abrasives: various grades of bauxite are employed, but those low in iron and 
titanium are preferred. Generally, the requirements are: less than 5 per cent Si02, 
preferably 3 per cent; 2)4, to 4 per cent Ti02; and 3 to 5 per cent Fe 203 . 

For refractories: the principal requirement is low iron and titanium contents, but 
the silica may be fairly high. So-called high-alumina clays, containing 48 to 52 per 
cent AI 2 O 3 , and high-grade diaspore, containing up to 80 per cent AI 2 O 3 , are now used 
in the refractory industry. 

Cryolite , — Cryolite is an aluminum mineral of the composition NasAlFe 
(or 3NaF.AlFs), required in the production of aluminum, being the chief constitu- 
ent of the electrolytic bath and used to dissolve the alumina. The actual composition 
of pure cryolite is 32.8 per cent sodium, 12.8 per cent aluminum, and 54.4 per cent 
fluorine. The only commercial source of cryohte is the deposit at Ivigtut, Araukfiord, 
South Greenland, owned by the Kryolith Mine & Handelsselskabet, A/S, of Copen- 
hagen, Denmark. The high price of cryolite has led to the production of artificial 
cryolite, and this is now used generally in aluminum manufacture. Methods of 
preparation for artificial cryolite are described by Pattison[4], Mortimer [8], and 
others. In the Howard process,^ the artificial product is prepared by the interaction 
of aluminum fluoride and sodium nitrate in the presence of ammonium fluoride, 
according to 

AI2F3 + 6NH4F + GNaNOa = Al2F4.6NaF -b 6NH4NO3 

In the Hulin process, pure hydrated alumina is treated with hydrofluoric acid, and the 
resulting product is saturated with sodium dioxide, giving artificial cryolite. Doremus 
also leached aluminous material with hydrofluoric acid. 

Other Aluminum Minerals. — A few other aluminum minerals may be men- 
tioned, Alunite, K2O.3Al2O3.4SO3.6H2O, is a hydrous sulphate of aluminum 
and potassium, found in many places, and worked at Tolfa, Italy, and in Utah and 
Colorado. Alunite has been studied considerably as a source of both alumina and 
potash. Corundum is the sesquioxide of aluminum (AI2O3). It does not occur 
in sufficiently large deposits to make it an ore, but it was formerly used in the Cowles 
process for manufacturing aluminum alloys. The feldspars are an important group 
of rock-forming minerals containing aluminum, and some experimental work is being 
done on them as sources of alumina. The feldspars vary widely in composition and 
include such minerals as ortho clase, KAlSi304, and anorthite, CaAl 281204. Labra- 
dorite, a feldspar, found in large quantities in Norway, has been used experimentally 
as a source of alumina for aluminum manufacture. Leu cite, potassium-aluminum 

»U. S. patents, 15115G0 and 1511561, Oct. 14, 1924. 
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metasilicafe, KAl(SiOi)i has been emploj ed as & source of both alumina and potash 
The wcU known china clay, kaolinitc, is a basic orthosilicatc of aluminum, corre- 
sponding to H<\IiSijOj and is one of the most important minerals of aluminum 
The mineral kaolm is knovni \anousl> ns white chmn claj, pure white claj, and 
fullers earth The great punt> of high grade kaohn and the large available deposits 
stamp It as the logical ore for the manufacture of aluminum, but it cannot be now 
employed because of the cost of separating the alumina from the silica Common 
clays are simplj verj impure kaolins Silhmanite, cjanite and andalusite arc three 
aluminum minerals of great importance to the ceramic industry because of their 
conversion on finng to a compound known as mullite or artificial sillimanitc, which 
latter possesses very useful properties The formula for sillimanite cyanite and 
andalusite 15 AltOi SiOt There arc many other aluminum bearing minerals including 
some of our pnzed gems 

Baimte Mndng and Ptepaialion — ^Bauxite is mined ordinarily by open pit 
methods, since the producing bodies are near the surface Ladoo[44] has discussed 
the mming operations of the American Bauxite Co , m Arkansas, w bich are typical 
of large-scale production The ore bod at Bauxite Saline County, runs about 11 ft 
thick, and the overburden is 25 to 140 ft thick In mining, the overburden is first 
stripped off by steam shovel, and the stripped surface is then cleaned and swept 
The ore is loosely consohdated but it is usually too hard to be mined without blastmg 
Low strength dynamite is used for blastmg The loosened ore is loaded by steam 
shovel on care In the Georgia Alabama Tennessee district, the ore occurs m Ion 
ticular and irregular deposits which do not lend themselves to steam-shovel operation, 
and all mming is done by hand 

It should be pomted out that the concentration or beneficiation of loosely consoli 
dated bauxite mixed wuth clay has been tried at a few mrncs in the United States, 
using log washers, but this practice is now rare here In Germany , ores from many 
small concessions in Hesse were washed at a central washing plant Recently, con 
Biderable interest has been display ed m the possibility of beneficiation of low grade 
bauxites and bauxitic clays because of the dw mdimg of high grade bauxite I v erhart 
has shown that clay can be separated from bauxite by w ashing in the presence of small 
amounts of added peptizers, e g sodium hy dioxide and the more strongly adsorbed 
sodium salts 

Bauxite, when mined may be given preliminary treatment on the ground depend 
ing on the nature of the ore The bauxites found in the Lmted States ordinarily 
contain 15 to 33 per cent combined water, together vv ith a v ary mg amount of niechan 
ically held moisture, and, since the ores must orduiarilv be shipped long distances 
it IS usual to dry the ore at the rames so as to save freight and to facilitate fine grinding 
for later use For the preparation of alumma to be used m tbe manufacture of 
alummum, bauxite is ordinarily crushed and dried at the mine, but not ground 
finely In crushmg the crude ore is run through gyTatory or other types of rock 
breakers and crushed to small nut size Gyratory breakers are generally used for 
hard orra and dismtegrators for soft ores It is desirable to calcme most bauxites 
m order to remove orgamc matter which would interfere with the precipitation of 
alummum hydroxide m the preparation of alumma, to oxidize ferrous oxide to feme 
oxide and to remove water which mav be present m sufficient amount to form a 
pasty mass and clog the *!creens in fine grindmg For calcmation the ore may be 
heated at about 600’C m cy lindncal rotary kilns of the type shown in Fig 3 By 
such treatment, the moisture content is reduced to H to 1 per cent Lilns for cal 
cination are 3 to 7 ft in diameter and 30 to 100 ft long 

The Bureau of Mmes[78] has carried out some experiments on the flotation of 
bauxite In its work it was found profitable to use e ther gravity or magnetic con 
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centration for the removal of iron and titanium minerals, followed by flotation for the 
recovery of hydrated aluminum oxides and the rejection of the silica. To obtain a 
satisfactory separation between the hydrated aluminum oxides and the kaolinite, 
it is necessary to avoid fioccules of finely di\dded bauxite and clay. Sodium hydroxide 
is the preferred dispersant. A pulp of 10 to 15 per cent solids gave the most satis- 
factory results. The most effective collectors for the hydrated aluminum oxides are 
oleic acid and fish-liver-oil fatty acid. The fatty resinous by-products of the paper- 
mill waste liquor are also fairly effective collectors, but they are more pronounced 
frothers. It would appear that if the bauxite wjere not crystaline in character there 
would be a heavy reagent loss, but the paper referred to does not touch on this phase 
of the process. 



Fig. 3. — Rotary calcining kilns. 


Production of Aluminum. — For the past fifty-five years, the production of metallic 
aluminum on a commercial scale has been carried out in two essential steps: (1) the 
preparation of alumina of high purity from bauxite, and (2) the electrolysis of the 
alumina in a liquid bath of cryolite plus other added salts. The reduction of alumina, 
AI2O3, to aluminum cannot be done by carbon smelting, as with iron, copper, lead, 
and other commercial metals. Or, more precisely, alumina can actually be reduced 
by carbon, but, at the temperature and conditions of such reduction, the aluminum so 
reduced either volatilizes, oxidizes, or interacts with carbon monoxide or dioxide, 
forming aluminum carbide or aluminum oxide. Modem processes for aluminum 
reduction depend primarily on the preparation of substantially pure alumina, and 
♦this is the first step in the treatment of bauxite after calcination and grinding. 

As pointed out previously, crude bauxite contains varying amounts of ferric 
oxide, silica, titania, and other impurities; these oxides must not be present in the 
alumina which is added to the electrolytic bath, otherwise the reduced metals, iron, 
silicon, etc., will appear in the resultant aluminum. It should be emphasized that 
one of the chief difficulties in the metallurgy of aluminum lies in the fact that the 
metal, after being produced, cannot be readily refined, as can copper and others of the 
commercial metals, and the purity of the metal secured by electrolytic dissociation 
depends primarily upon the purit}’' of the alumina and the electrolytic bath. Many 
patents have been issued which apparently cover every conceivable method for 
obtaining aluminum from aluminum-bearing minerals, but the only commercial proc- 
ess is that one calling for the electrolytic dissociation of alumina dissolved in a liquid 
bath of cryolite plus other added salts. Electrol 5 ’’tic methods for the dissociation of 
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aluminum compounds are not applicable m aqueous solution, and fused electrolytes 
must be employed For the electrolytic process, a primary requisite for commercial 
practice is a source of cheap clectnc current, since an enormous amount of current 
13 required and most of the aluminum reduction plants in the world, except certain 
ones m Germany, consume electric energy derived from hydroelectric plants For this 
reason, alummum-reduction plante are normally situated within easy access of water 
falls, and steam raised electric power is rare as a source of current for economical 
aluminum production 

Preparation of Alumina — In the present Hall H4roult process, the raw materials 
for the production of aluminum include substantially pure alumina, cryolite (plus 
calcium and alummum fluorides for the bath), and carbon electrodes, and the first 
step m the manufacture of the metal consists m the purification of bauxite by chemical 
methods, hereby substantially pure alumma is produced There are two mam 
processes for the preparation of alumma, although many patents have been taken 
out for doing this m one is ay ox another These processes are (1) the Bayer process, 
and (2) the Deville Pechiney process The preparation of alumina has been dis- 
cussed at length m the literature 12, 4, 8, II, 30] 

The usual process employed for the preparation of alumma from bauxite is the 
Bayer process, a wet chemical method In this, the chemical principle involved is 
the formation of sodium alummate by the treatment of bauxite with aqueous sodium 
hydroxide and the subsequent precipitation of aluminum hj droxide from the sodium 
alummate, followed by calcmation of the alummum hydroxide to alumma, AIiO] 
In practice, calcined bauxite is first ground, e , m a ball mill, to 100 mesh or finer, 
and this is next mixed with aqueous sodium hydroxide, specific gravity 1 45 (44 8°B4 ), 
in a vessel fitted with stirrers After mtimate stirring, the mixture is then run into 
steam-jacketed autoclaves and digested for 2 to 8 hr under 50 to 70 Jb pressure at 
150 to 160°C The alumma of the bauxite is acted upon by the sodium hydroxide 
with the formation of sodium alummate, according to 

A1,0, + 2NaOH = 2NaA10, + HsO 

The impurities feme oxide and titania are unaffected by the sodium hydroxide, as is 
the greater part of the silica Part of the silica is dissolved and reacts with alumma 
and sodium oxide to form insoluble double aluminum sodium silicate Dissolution 
of sibca 13 prevented by addmg lime to the bauxite durmg fine grmdmg, which forms 
insoluble calcium silicate and prevents loss of alumma About 90 per cent of the 
alumma in the bauxite is dissolved by the digestmg treatment 

When the digesting treatment 13 completed, the liquor (meludmg the residue of 
impurities) from the autoclaves is blown into large iron settling tanks of about 1600 
cu ft capacity and allowed to settle for 4 to 5 hr so as to effect separation of the solid 
»\WiPcivvA\2f iWamu, amf crfAer-rmpcHr--* 

ties from the bauxite, as well as some alumma not dissolved, and is known as “red 
mud *' This was formerly discarded, but some of it is now bemg reworked by the 
Iimo-soda smtenng process, as a source of further alumma, and for titamum The 
sodium alummate bquor from the autoclaves is first diluted from specific gravity 
1 45 to 1 23 (26 9“B4 ), and after setthng m the tanks is run through filter presses for 
removing suspended matter and into large precipitation tanks or decomposmg vessels 
Figure 4 shows a type of tank fitted with stirring apparatus used by European pro- 
ducers[44] for precipitation of alummum hydroxide In precipitating alummum 
hydroxide from the sodium alummate hquor, a small amount of freshly prepared 
alummum hydroxide is added to the tank and the whole is stirred (the so-called 
"seedmg'* operation), aluminum hydroxide is precipitated from {he hquor over a 
penod of time running up to about GO hr About 70 per cent is precipitated m 36 hr , 
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and the remainder precipitates on further standing. The precipitated aluminum 
hydroxide settles to the bottom of the tank, where it is drawn off and put through 
filter presses, yielding a product for calcination to alumina. The sodium-hydroxide 
liquor from the tanks is evaporated in vacuum pans and concentrated to specific 
gravity 1,45 for re-use in the treatment of raw bauxite. 

After filter pressing, the partially dried aluminum hydroxide is calcined so as to 
drive off water and yield substantially pure alumina. This calcination is general^ 
carried out in tubular rotary kilns, lined with firebrick, and similar to those used in 
calcining bauxite or burning cement. The 
kilns are run at 1000 to 1100°C. The result- 
ing alumina contains 98 to 99.5 per cent AI 2 O 3 , 
and may contain up to 0.30 per cent mechani- 
cal water, 0.50 per cent combined water, 0.20 
per cent silica, 0.10 per cent ferric oxide, and 
other impurities in subordinate amounts. 

After calcination, the alumina is ready for use 
in the electrolytic-reduction cell. 

The Deville-Pechincy (or Le Chatelier- 
hlorin) process was formerly the principal 
process for the preparation of alumina, but this 
has been largely supplanted by the Bayer 
process. The former is still used, however, 
for the treatment of bauxites especially high 
in iron and forms the basis of the so-called Fig. 4. — Bayer precipitation tank, 
lime-soda sintering process for impure ores. 

In the original process, ground bauxite, after calcination, is mixed with sodium 
carbonate, about 1 to 3 parts sodium carbonate and 1 part bauxite, and the 
mixture is roasted in a rotary or reverberatory furnace for 2 to 4 hr. at 1000 to 
1100°C. A small amount of powdered coal is sometimes added to the mix. The 
sodium carbonate combines with the alumina, carbon dioxide is evolved, and the 
impurities are unattacked. The roasting must be done with care to avoid melting 
of the mix, and the product of the roast is a grayish-brown substance, consisting 
of a mixture of sodium aluminate and the impurities. The reaction is 

AI 2 O 3 + Na.COa = NaAlOa + CO 2 T 

After roasting, the mass is lixiviated with hot water, whereby the sodium alumi- 
natc is dissolved, while the silica, ferric oxide, and titania, being insoluble, are left as 
a residue. The liquor is settled for the removal of the solid impurities, as in the Bayer 
process, and is then passed through filter presses, for removal of any suspended matter, 
and then into tall precipitation tanks. For precipitation, carbon dioxide is blown into 
the liquor, and the reaction is 

2 NaA 102 + CO 2 + 3 H 2 O = 2A1(0H)3 + NasCOa 

This precipitation requires 4 to 5 hr. and is carried out at 70‘'C. The precipitated 
aluminum hydroxide is- filter pressed, dried, and calcined, as in the Bayer process, 
yielding alumina [76]. 

Some other processes have been devised and actually employed for the preparation 
of alumina, and will be discussed below. Certain otlier methods for obtaining a 
compound of aluminum (such as the fluoride, nitride, carbide, and chloride) from 
aluminum minerals have been worked out, A few of these possess potentialities, 
but the majority of them have no discernible commercial possibilities. While many 
processes have been devised for the preparation of alumina from clays and other 
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fairly high aluminous minerals none of these bad been commercial in the United 
States, under peacetime conditions, though some had a limited use abroad A few 
processes that have been employed commercially or have reached the semicommercial 
scale ate discussed briefly below 

Treatment of Low-grade Baimtes — Partly owing to the dislocation of steamship 
communications and partly owing to an actual shortage of high grade bauxite, a 
great deal of attention has been given m the last few years to the recovery of alumina 
from second rate materials Probably in the Umted States the largest amount of 
alumma recovered from low-grade materials has been by the so-called “Iime-soda- 
sinter process,’ sometimes known as the “Deville process’* In this process, the 
material is mixed with limestone and soda ash and calcined the sintered mass is then 
leached with hot water for the extraction of the soluble alumma, the solution is 
treated m an autoclave at a temperature of IGO^C and 85 lb pressure under which 
condition the bulk of the silica forms insoluble sodium aluminum sihcate After 
settling and filtering the solution is treated with carbon dioxide for about 5 hr at 
TO'C , to precipitate the a!umina[72] 

A variation of this lime-soda sinter process has been tried at the Monohth Portland 
Midwest Co pdot plant at Laramie ^\yo At this plant an anorthosite has been 
substituted for bauxite and treated by the lime soda sinter process The results at 
the pilot plant were so encouraging that the WPB authorized the erection of a semi- 
commcrcial plant and indicated that the pilot plant would be used to test the lime- 
soda sinter process on cKj s 

Ammomum Sulphate Exchange Process — In the best known of these processes a 
mixture of pulverized clajs and ammonium sulphate is treated at temperatures of 
373 to 400'’C m a rotary kiln ammonia being evolved and ammonium alummum 
sulphate being formed[71] The reacted mass is then leached at 95 to lOO'C with 
water slightly acidulated with sulphuric acid and the solution separated from the 
insoluble residue The ammonium aluminum sulphate is recovered by crystalhzation 
and after being redissolved is treated with the ammonia and ammonium carbonate 
(the last rcsultmg from the mixture of ammonia with the combustion gases of the 
initial treatment) 

Aluminum hj droxide is precipitated and filtered off, and the ammonium sulphate 
IS recovered bv crj atallization for re use with more clay or low grade bauxite The 
basic patents so far as the editor 1 nows are the German patents of Hess (376717 and 
388996) and of Riedel (386614) 

Tlie Buchner process is a variation of the ammonium sulphate process and is 
sometimes knowm as the " Aloton process ” In this clay is heated with acid ammon- 
ium sulphate at 200°C In other particulars the process is the same as that of the 
preceding paragraphs 

Another variation of the sulphate decomposition is the Peniakoff process in which 
clay or bauxite and sodium sulphate are heated together with a little coal at 1200 to 
llOO^C 

A1,0, + Na,SO* + C = 2NaAIOi + SO, + CO 

Sulphuric Acid Process — Practically all ammonium silicates can be decomposed 
with fair efficiency by sulphuric acid at temperatures m the neighborhood of 200*C 
and wnth acids of about 1 25 specific gravity 

Sulphurous Acid Leaching — This reagent has been experimented with for many 
jears, the earliest patent on the subject being E Rajmonds U S patent 650763, 
taken out m 1902, and the latest known to the author being Goldschmidt's 2006851, 
taken out m 1935 Tlic Goldschmidt process leaches with aqueous solutions of SO, 
under pressure at 60 to S0®C Alumma and alummum sulphite are precipitated on 
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release of pressure. The objections reported to the author are a tendency of iron to 
form soluble bisulphites and then to precipitate just as does the alumina, so that the 
precipitated alumina must be purified, and also the fact that the sulphur dioxide 
oxidizes to sulphur trioxide, resulting in a loss of the reagent. 

Nitric Acid Process. — Nitric acid leaching has always been tried experimentally 
at temperatures in the neighborhood of 170° C. and 120 lb. pressure per square inch. 
The high cost of nitric acid and the loss of this reagent have prevented any commercial 
applications. 

Hydrochloric Acid Leaching. — The best known of the hydrochloric acid processes 
is probably that of Chemische Fabrik Griesheim[73]. This is essentially a process 
to treat high-silica bauxites. The alumina and iron dissolve in hydrochloric acid, 
the solution being reduced after this treatment with sulphureted hydrogen. The 
solution is evaporated and heated to 300° C., which hydrolyzes the aluminum chloride 
in its own water of crystallization. If this temperature is not exceeded, the ferrous 
chloride is in the main water-soluble. However, it is reported that even with the 
most careful work, the alumina requires a cleanup with chlorine to free it from the 
last of the iron. 

Dr. Arthur Hixson and Ralph Miller worked on a process for leaching roasted 
clay with concentrated hydrochloric acid[77], converting the aluminum and iron into 
soluble chlorides, but leaving the silica insoluble. The novelty in this process was 
the use of isopropyl ether to remove the ferric chloride from the solution. This could 
then be evaporated and the aluminum chloride hydrolyzed to give alumina and 
hydrochloric acid. The process required the circulation of one ton of isopropyl 
ether per ton of alumina recovered, and this was apparently the main reason for the 
National Academy of Sciences and the WPB refusing materials to give the process 
a trial. This need not be considered final proof that the process is unworkable. 

Hydrofluoric Acid Leaching. — The use of hydrofluoric acid for leaching clays and 
low-grade bauxites has also been experimented with fairly extensively. The patents 
of Dr. Charles A. Doremus (723251 and 725683) are the oldest known to the author. 
Apparently the recovery of alumina was high, but there were heavy losses of the 
expensive reagent as insoluble fluosilicates and as silicon tetrafluoride. 

Recovery from Alunite. — A number of processes have been used for the treatment 
of alunite, K2O.3Al2O3.4SO3.6H2O; these were well summarized by Robert J. Anderson 
in the Mining Magazine ^ December, 1936, page 340. At the present time, a plant has 
been constructed near Salt Lake City to use the Kalunite process. The crude ore is 
crushed and given a dehydrating roast at 550° C., which renders it soluble in dilute 
sulphuric acid. The hot calcine is cooled to 200°C. and given a countercurrent 
agitation and leach in a solution of potassium sulphate and 10 per cent sulphuric acid. 
The countercurrent leach is operated to maintain an excess of roasted alunite in the 
first agitator so that the pregnant solution contains no free acid. This is an important 
step in eliminating impurities. The pregnant solution is filtered out and then cooled, 
normal potassium alum, K2SO^.Al2(SO03.24H2O, crystallizing out. The alum 
cr\''stals are Avashed, dissolved Avith dilute potassium sulphate solution, and treated in 
a continuous autoclave at a temperature of 200°C. The potassium alum is broken 
doAvn into a basic alum, K2SO4.3Al2O3.4SO3.9H2O, plus sulphuric acid and potassium 
sulphate. The acid and potassium sulphate arc recycled for the original leach, and 
the basic alum is calcined at 1000°C. to decompose it into alumina and potassium 
sulphate. The calcine is then lea died with hot Avater to remove the soluble potassium 
sulphate, leaving behind the alumina. The leach solution is then evaporated to 
crystallize out potassium sulphate[69, 70]. 

The Moffat process is essentially the same except that the alum recovered in the 
process is broken doAvn by a flash roast. 
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la Italy both alumte and leucite, KtO AlsOi 4SiOj, have been used for the produc- 
tion of alumina and potash The process used for the treatment of leucite is the 
Blanc process, which leaches with dilute sulphuric acid It is reported that agitation 
cannot bo used, as the silica gelatinizes when agitated and holds up much of the solu- 
tion It IS claimed that if the leaching is done bj straight percolation without agi- 
tation little trouble results from the sihca 

Japan has probably produced much of its alumina by the following four methods 
and the Suzuki process described under Fusion Processes, below In the Asada 
process alumte is calcined at 600®C and is treated with sulphuric acid and potassium 
sulphate Alter filtering and cooling most of the aluminum salts out as alum The 
mother hquor goes back to the solution cj cle and the potassium alum is decomposed 
into basic alummum sulphate and acid potassium sulphate (See page 11, discussion 
of Kalimite process, for details of further treatment ) In the Okazawa process 
(Shows potassium process), alumte, crushed and calcined at fiOO’C , is treated with 
potassium hjdroxlde Potassium aluminate and sulphate go into solution, silica 
remaining behind (See page 11, discussion of Kalunite process, for treatment of the 
sulphates ) In the Sumitomo process, alumte is leached with sulphuric acid On 
cooling alum and alummum sulphate salt out and are filtered off, redissolved, and 
treated with ammonia giving alumina as a precipitate and potassium and ammonium 
sulphates in solution In the Tanaka process, alunite is calcined at 600®C , crushed, 
pulped with water, and treated with about 8 per cent its weight of ammonia Potas- 
sium and ammonium sulphates are left in solution and are recovered for fertilizer 
use The washed residue is treated uith caustic soda (Bayer process) This is 
apparently the process sometimes described as the Showa sodium process 

Fusion Processes for Alumina Production —Treatment of high iron bauxite in the 
electric furnace has been practiced successfully on a commercial scale in Korwayl?!] 
The Pederson process appears to be the one worked on by our own Bureau of Mines in 
a pilot plant to test the process Hus should not be confused with the Pederson 
process that sinters clay w ith lime and subsequently leaches the melt with soda This 
second Pederson process is of course a modification of the lime soda-sinter process 
The Bureau of Mmes reports that the only practical method of making calcium 
aluminate from high-sihca bauxite is by a two-stage treatment In the first stage, 
the sibea and iron oxide are reduced to ferrosihcon The molten slag from this oper 
ation, which contains 95 to 98 per cent alumina, is transferred to a second furnace 
w here with the addition of lime monocalcium alummate is produced This compound 
13 readily decomposed by sodium carbonate solution, jrroducing a solution of sodium 
aluminate from which alumina can readily be recovered 

The Haglund process is also understood to have been m successful use m Scandi- 
navia In the original Haglund process, clay and pyrites were smelted, using a 
reduemg agent to produce ferrosilicon and an alummum sulphide slag, which was 
later hydroljzed for the production of alumma (Incidentally, this appears to he 
about the same as the old Halvorsen process ) 

The later Haglund process reduced only about one-fifth of the alumina to alumi 
num sulphide The mixture of aluminum sulphide and alummum oxide gave a lower 
mcltmg point slag than that of the original process and also cut down the amount 
of ferrosihcon produced and marketed In the newer process, as in the old, ferro- 
sihcon was produced and formed a hoavj layer under the slag The slag was 
decomposed with w ater, and the sulphuretcd hydrogen that w as generated was sold as 
such or was worked into sulphur for further use in the process 

The Suzuki process reduced cla> w ith coke for the production of ferrosihcon, and 
the residual alumma was cleaned with chlormc at 500 to 600‘’C A long discussion of 
this matter of purif> mg ferrugmous alumina and bauxite was prepared by Dr Colm G 
Fmk and V S de Marchi and published bj the Electro Chemical Society in its 1938 



METALLURGY OF ALUMINUM AND ALUMINUM ALLOYS 13 


transactions, page 511. E. C. Eckel experimented at Mussel Shoals as earl}'' as 1934 
on the treatment of low-grade bauxites carrying 30 per cent silica and 30 per cent 
iron sesquioxide[74k From such a bauxite he produced ferrosilicon with a slag 
that carried less than 2 per cent silica and 1 per cent iron. 

The Berger and Kuhne process smelted kaolin, clay, or bauxite with iron pyrites, 
magnesium chloride, and iron filings, aluminum chloride being distilled and con- 
densed. The Miguet process fused clay, lime, and scrap iron with a reducing agent 
to produce ferrosilicon and calcium aluminate, but apparently these processes could 
not produce alumina in competition with the natural bauxite (see U.S, Bureau of 
Mines Report of Investigations 2393). 

Loevenstein Process. — Of interest as an outstanding novelty is the process 
devised by Hirsch Loevenstein and operated on a pilot-plant scale in France by 
Jacques Fondal before the German invasion [77]. Clay is smelted in an electric furnace 
to a mixture of aluminum, silicon, iron, and impurities, and the product is treated in a 
bath of molten zinc. The aluminum only is soluble. The zinc is then distilled from 
the aluminum. 

Serpek Process. — In the Serpek process, aluminum nitride is produced by heating 
ground bauxite and carbon in an atmosphere of nitrogen at 1600 to 1800°C. The 
aluminum nitride formed under these conditions can be decomposed with water. 

AIN + 4 H 2 O = A1(0H)3 + NH 4 OH 

The plant of the Southern Aluminium Co. was originally intended to use this process, 
but never worked commercially on it. 

Primary Aluminum Manufacture. — The present commercial process for the 
production of aluminum is essentially the same as that described in the original 
Hall-H4roult patents of 1886 to 1888, and all aluminum made today is produced 
by the electrolytic dissociation of alumina dissolved in a bath of liquid (fused) cryolite 
plus other added salts. The sodium-reduction process need not be considered here, 
since it is only of historical interest, but it is important to direct attention to the 
Cowles alloy process. It should be pointed out that, although Hall applied for his 
patents in 1886, these were not granted until 1889, and in 1886 H^roult also applied 
for a United States patent on essentially the same process as described by Hall. The 
essential differences in the patent applications were in the composition of the elec- 
trolyte and the design of the furnace, but the two processes are identical to all intents 
and purposes. When the separate discoveries of Hall and H6roult were made simul- 
taneously, there was no patent litigation, but the Hall company took the American 
field and the H^roult company the European field. 

The Cowles process[12] for the manufacture of aluminum alloys direct from AI 2 O 3 
was patented by A. H. and E. H. Cowles[13] in 1885, and plants for conducting the 
process were built at Lockport, N. Y., and Stoke-on-Trent, England. In essence, the 
Cowles process called for the reduction of alumina by carbon in the presence of a metal 
(c.^., copper) in the heat of the electric arc. While alumina can be reduced by carbon, 
as pointed out previously, the metal so reduced will either combine with the carbon, 
forming aluminum carbide; combine with carbon monoxide or dioxide, forming alu- 
minum carbide or oxide; combine with any oxygen present; or else volatilize. In the 
presence of another metal, however, say copper or iron, the reduced aluminum alloys 
with the other metal, thereby forming an intermediate alloy. In the Cowles process, 
when copper is used, alloys containing 15 to 40 per cent aluminum and the remainder 
copper are produced, and these were diluted with copper in making aluminum bronze. 

In the process, a correctly proportioned mixture of alumina, carbon, and copper is 
placed in an electric-arc furnace and smelted. Copper, or any other metal used for 
alloying, has no effect on the actual reaction, since what takes place is simple reduc- 
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tion of alumina by carbon at elevated temperatures, according to 
+ 3C « 2AI + 3CO 

During the 3 ears 1885 to 1890, the alloj’s made by the Cowles process could be pro* 
duced at a lower price per pound of contamed alummum than substantiallj pure 
aluminum itself, and as a consequence a considerable measure of success was had 
The process is obsolete, but it maj have had a w ar revii al, to produce certain inter- 
mediate or light aluminum allo^ s b’i direct reduction from alumina 

Hall Aluminum Process — In 1886, C M Hall, of Oberlin, Ohio, foond[51 that 
alumma dissolved in a liquid (fused) solution of aluminum fluonde and another 
metal fluonde e g , sodium, formed an electrolyte and that the alumina could be 
dissociated by the electric current, accordmg to 

AIsO, 2A1 + 30 

The electrometallurgical principle involved in the process, then, is the electrolytic 
decomposition of alumina dissolved in a bath of fused fluorides of aluminum and 
other bases, the current causes dissociation of the alumina into aluminum and oxjgcii 
wathout appreciably aficcting the solvent This invention caused a revolution in the 
aluminum mdustrj It should be added that C S Bradley applied for a patent 
covering the electrolytic dissociation of aluminum compounds m 1883, but this patent 
was not granted|14] until 1892 This Bradlej patent was the cause of htigation first 
between, the Electric Smeltmg and Alummum Co (t e , the Cowles company) and 
Paul H6roult regarding title to it, and second between the Cowles company and the 
former Pittsburgh Reduction Co (i e , the present Aluminum Co of America) 
After long litigation it was decided bj the courts that the Pittsburgh Reduction Co 
m using the Hall patents had mfrmged the Bradlej patent 

In development of the Hall process, it was found that cryohte made a good solvent 
for alumina, and cryohte, as such or pins calcium and alummum fluorides, is employed 
for the electrolytic bath in present practice In the process, the alummum js hberated 
and smks to the cathode, while the oxj gen goes to the anode, which it attacks, burnmg 
to carbon monoxide and finally to carbon dioxide on contact with the air The elec- 
trolysis IS earned out m a carbon Imed furnace or cell the carbon hmng servmg as 
the cathode and separate carbon electrodes as the anodes In the Hall reduction cell, 
the electric current serves two important functions, vtz (1) it keeps the electrolytic 
bath liquid by the generation of heat, and (2) it causes electrolytic dissociation of the 
alumma Theoretically, the decomposition voltage required is 2 S, but in practice 
about three times this is actuallj used 

As mdicated P L V Hfroult, of Pans, France, brought out a process in 1886 for 
the preparation of aluminum by the electrolysis of alumina dissolved in cryolite, and 
this process is identical in pnnciple with that of Hall Hdroult’s first patent* called 
for the preparation of aluminum and aluminum alloys by the electrolysis of alumma 
dissolved m cryohte, and in making alummum alloys a negative electrode of the metal 
to be alloyed was employ ed This method was never applied commercially to the 
production of alloys, but it Was used for alummum In IKroult’s* second method, a 
process for making alummum alloys w as specified, in w hich alumma was melted by 
the electric current and eleetroly zed by the same current, using a liquid metal, e g , 
copper, beneath the aluminum as the cathode The resulting product is an inter 
mediate alloy of alummum and copper, similar to that obtained by the Cowles proc- 
ess Alumina, without copper or another metal present, cannot be electrolyzed to 

• French patent 175711 Apr 23 1888 

• Fttnth 170003 Apr 15 1887 and U S patent 387876 Aug 14 1888 and other patent* 
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produce aluminum, since the metal would be volatilized at the temperature prevailing. 
This process was operated for a short time at Neuhausen, Switzerland, but was 
abandoned in 1891, and the production of aluminum taken up in accordance with 
Heroult^s iOrst patent. 

Many methods have been devised for the production of aluminum both before and 
since the invention of the HaU-H6roult process, but all aluminum made now is pro- 
duced by this process. The older methods have been discussed at length in the books 
by Richards[2] and Minet[3] and need not be considered here, but it is of interest to 
touch briefly upon some processes that have been devised in recent years. However, 
none of these is now commercial. 

A method for the production of aluminum directly from aluminum-bearing 
minerals has been patented by Tone,i in which aluminum ore is smelted to aluminum 
carbide with carbon in an electric furnace, and this is then mixed with silica and 
smelted to an aluminum-silicon alloy or with aluminum oxide and smelted to alumi- 
num. The process is uneconomic, even if it is technically sound. Betts ^ has patented 
a process entailing the smelting of kaolin in a blast furnace to an iron-aluminuin- 
silicon alloy. This alloy is then oxidized, sulphurized, or chloridized to aluminum 
oxide, sulphide, or chloride, and in the sulphide the compound is electrolyzed to 
aluminum and sulphur. In a patent by Kissock,^ an aluminum-silicate mineral is 
smelted with carbon to aluminum carbide, and this is converted to aluminum sulphide. 
The latter is electrolyzed in a suitable bath. Many carbon-smelting processes for the 
direct reduction of aluminum have been devised, but, as stated, these are all techni- 
cally unsound. A number of patented processes call for the electrolysis of aluminum 
salts in aqueous solution, but these are unsound. 

The fundamental principle of the Hall-H6roult process is the electrolytic dissocia- 
tion of alumina dissolved in a bath of aluminum fluoride and the fluoride of one or 
more metals more electropositive than aluminum, e.g,, sodium, potassium, or calcium. 
The composition of the electrol 3 dic bath is especially important, and this will be dis- 
cussed briefly. Both natural and artificial cryolite are used as the base in making up 
baths, and the actual bath composition may vary over a fairly wide range. Cryolite 
melts at 995®C., and the eutectic mixture 81.5:18.5 cryolite-alumina melts at 935°C. 
By the addition of various salts, the melting point may be reduced to 700°C. The 
specific gravity of the liquid bath must be less than that of liquid aluminum at the 
operating temperature, since otherwise the dissociated metal would rise, instead of 
sink, and upset the cell. A typical bath contains 66.8 per cent aluminum fluoride 
and 33.2 per cent sodium fluoride. In the Hall process, the following composition 
has been employed for the bath: 59 per cent aluminum fluoride, 21 per cent sodium 
fluoride, and 20 per cent calcium fluoride. This bath dissolves 20 per cent alumina 
at the operating temperature. Crjmlite has a specific gravity of 2.92 in the solid 
state and of 2.08 in the liquid state, while aluminum has a specific gravity of 2.70 in 
the solid state and 2.31 in the liquid state (at 900°C.). Hence at the operating tem- 
perature, the metal collects at the bottom of the bath. 

The theoretical e.m.f. required for dissociation of the alumina in the process is 2.8 
volts, but in practice at least three times this is necessary because of the resistance of 
the bath and connections and small losses here and there in the circuit. In geneial, 
irrespective of the type of furnace, each unit requires 6.5 to 7.5 volts for operation, and 
ill starting, a wider range, 5.5 to 8.5 volts, is necessa^J^ It is not economical to build 
djmamo-gcnerators of such low voltage, and consequently 30 to 40 furnaces are con- 
nected in series; thus, the operating voltage for 35 furnaces would be 250 volts. The 

' tj. S. patent 9G1913, June 21, 1910. 

* U. S. patent 938G34. Nov. 2, 1909. 

* U. S. patent 1052727» Feb. 11, 1913. 
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current density vanes cr a rather wide range, t g , 1 5 to 3 amp per sq cm m 
certain French furnaces, and 6o0 to 750 amp per sq ft m some Amencan cells. 
The current emploj ed depends upon the size and the number of electrodes — 8000 to 
10,000-amp hnes are common, and there are larger furnaces using 15,000 to 20,000 
amp Theoretical1> , there should be 0 33012 g of aluminum produced per ampere- 
hour, or 0 7476 lb per 1000 amp hr The tbeoreti cal anode consumption is 0 67 lb 
per pound of aluminum produced, but m practice this amounts to 0 8 to 1 0 lb The 
consumption of alumina per pound of aluminum produced is about 2 lb in practice — 
1 883 lb theoretically — and about 0 1 lb of cryolite or bath material is consumed 



Fig 5 — Iloopes refimng cell 


About 12 kw hr is required to produce 1 lb of aluminum, hence a difference of 1 null 
in the cost of pou cr makes a difference of 1 2 cents per lb in the cost of the aluminum 
As mentioned in a later paragraph (c/ Commercial Aluminum, below), the product 
of the Hall Hdroult reduction cell is not pure aluminum but contains appreciable 
amounts of impurities Manj attempts had been made to refine impure aluminum 
and to produce pure metal, but this had not been accomplished until the Hoopes 
process was dea eloped The method is described m patents[71 granted to HoOpcs 
and others and owTied b> the Alummum Co of America Detailed discussion 
of the process cannot be gi\cn here EricHy, a cell is employed in which there 
arc three horizontal laj ers, the lowest layer is a liquid aluminum-copper alloy anode, 
aboae this is a lajer of fused cryohte-banum fluoride solution (the bath electrolyte), 
and floating on top is the cathode of pure liquid aluminum The cell operates at 
aliout 6 soils and 20 000 amp Cathode metal containing ns high as 99 98 per 
cent A1 has liecn pnxluceil m the IIoopcs cell in regular operation The mechanical, 
ph><ural, and chemical properties of pure aluminum arc markedly different from those 
of the ordinarj 99+ per cent commercial metal hut the mechanical properties arc 
infenor to the man> carefully prepared alloj-s 

Alumlnum-reduchoa Furnaces — All furnaces now m use for the elcetrol>tic 
production of aluminum, other than the IIoopcs cell, are eascntiallj the same in 
general design, although they >ary considcrablj m constructional detail The 
imitl furnace con*i3ta of a rectangular box of mild steel lined with a refractory matcnal 
of low thermal and electrical conductivity, and within this a heavier lining of rammed 
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carbon forming the cathode. This carbon lining is made of petroleum coke with a 
suitable oil or tar binder rammed in place; plates of iron may be molded in the bottom 
to form the cathode connection. In some furnaces, the lining is made as a separate 
unit, which is molded and baked similar to the anodes. There is great advantage in 
this type of lining, since a furnace that becomes inoperative can be renewed with a 
minimum of labor by simply removing the old lining and replacing it with a new unit. 
Figure 6 shows the general lines of the modern Hall-H4roult furnace with the anodes. 
In some furnaces, electrodes of carbon are embedded in the bottom of the furnace. 

In all types of furnaces, the bottom is inclined toward the taphole, and each 
anode is arranged so that it can be operated independently of the others. Alumi- 
num furnaces are built in various sizes, e.g.j 8 ft. long by 4 to 5 ft. wide by 2 ft. high, 
and generally rectangular shapes are now in use in place of the former round cells. 

A set of anodes is suspended in the interior of each furnace, and these vary in size 
and length. Anodes are round, square, and rectangular in section, 3 to 16 in. in 



Fig. 6. — Aluminum-reduction cell. 


diameter or width, and the length varies from 8 to 40 in. Anodes are suspended in 
the bath in groups of 8 to 12 and are closely grouped. They are clamped to a heavy 
frame support by suitable connections so that the group as a whole, or each individual 
anode, can be raised or lowered mechanically for control of the current and to ensure 
equal distribution. Various types of furnaces have been described by Nissen[301. 

In the operation of a typical furnace, in starting, the bottom is first covered with 
granulated carbon shoveled in loosely, the anodes are then lowered to make contact 
therewith, and the current is thrown on. As Ahe furnace heats, cryolite or a prepared 
l)ath material is added. This melts, and tHe anodes are raised with an increase in 
the bath volume, and more cryolite is added until the furnace is full. When the 
bath is carrying the requisite current, alumina is charged in small amounts at a time 
until the furnace is in full operation. Of course, other salt additions are made to the 
bath during the starting operation, c.^., calcium fluoride and aluminum fluoride, 
depending upon the bath employed. Alumina is added until the bath contains 10 to 
20 per cent AI2O3 in solution. On electrolysis, the aluminum sinks and collects on the 
cathode bottom, from whch it is tapped periodically, and the oxygen liberated at 
the anode interacts therewith. In operation, the alumina content of the bath is 
controlled hy voltmeters and incandescent lamps connected across the terminals. 
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When the alumina content becomes low, the furnace ^ oltage rises from the normal 
7 \olts to IS to 20 volts The lamps are so connected that when the bath reaches a 
certain resistance thej bght, thus ei\ mg notice to the operator 

>%cr> tno or three days, according to the capacitj of the furnace, the liquid 
aluRiinum is run off through a taphole in the side This metal is remelted in order to 
reraoi e occluded bath salts and is then cast into pigs, formmg the primary aluminum 
of commerce First-grade aluminum contains 99 to 99 5 per cent A1 (bj difference) 
The cost of production of alaminum is now 8 to 10 cents per lb 

Manufacture of Carbon Electrodes — Since the anodes come into direct contact 
with the bath they must be as free as possible from impurities, particularly iron and 
edica, I e , the ash content must be extremely low, and the manufacture of anodes is an 
important part of modem aluminum production Petroleum coke is the best material 
for anode manufacture, and in practice the coke is first crushed to small nut size and 
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Fio 7 — Aluminum ingot {Bniish Aluminum Co Ltd) 


then calcined for 3 or 4 hr at a red heat in a calcining furnace, c g , one of the Meisser 
type After cooling, the calcined coke is ground, usually with waste electroiles, in a 
ball mill, to pass IG to 18 mesh, of which 40 per cent passes 100 mesh The ground 
coke 13 next mixed with a binder of pitch, or tar and oil, in steam-jacketed kneading 
machines, and then transferred to electrode molds or presses TIic usual press is 
hydraulic iii operation, ami pressures up to 500 atm are iisid 

After the electrode shapes have been formed in a press, they are air-dficd and 
then bakisl in a furnace or kiln in orilcr to remo-vc the volatile binder The teni 
peralure of baking is 1000 to 1400®C , depending upon the size and binder, and the 
heating is done alow ly m order to a\ cud cracking Several day s are required for firing 
the largest sizes of electrodes The tempemtuie is gradually raised during the opera 
tion, and the electrodes lose about 10 per cent in weight The furnaces are generally 
fired with producer gas, and the electrodes are placed m refractory saggers packer! 
with retort-carbon powder, ground petroleum coke, or electrode scrap Many tyTica 
of furnaces are employed in baking, the tommon ones being the Mcndbeim tunnel 
furnace and the Meisscr chamber furnace The apparent density of pctroleum- 
cokc electrodes 5s 1 55 to 1 70, the real density is 1 95 to 2 05, and the ash content Jess 
than 03 per cent Finished electrodes should haie an electrical resistivity of about 
0 0016 ohm T he production of electrodes and the apparatus used have been treated 
in detail by NisscnJSO) The Soderbei^ continuous electrode has been tried in aliimi 
num furnaces The Russians claim to grind a scum of carbon, alumina, and bauxite 
that forms in the cells with electrode material thereby saving all of the material 
Commercial Aluminum — The product of the riHjucfjon cell, after rejnelting 
appears on the market as primary aluminum, am! this is grnd«l according to the 
amount of impurities present Tlie duct itnpuntics are iron silicon, copper, and 
alumina, while carbides, sulphides, sodium, nitrogen, and titanium are normally 
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present in very small amounts. Ordinarily, three grades of primary aluminum are 
marketed, viz.: (1) special, containing 99.5+ per cent aluminum (by difference); (2) 
grade No. 1 (or grade A), containing 99+ per cent aluminum; and (3) grade No. 2 
(or grade B), containing 98 to 99 per cent aluminum. Primary aluminum alloys are 
prepared by a remelting operation in which an alloying metal is added to primary 
aluminum. In practice, the quality of aluminum is ordinarily based on a chemical 
analysis in which copper, iron, and silicon are determined, and the remainder is said 
to be aluminum. In 99+ per cent aluminum, the content of impurities is usually 
copper, trace to 0.20; iron, 0.25 to 0.60; and silicon, 0.15 to 0.40 per cent. Alumina, 
AliOa, is a normal impurity in commercial aluminum. 

Chemical Properties of Aluminum. — The chemical properties of aluminum 
are remarkable and of great importance. The chemical properties of the metal 
and its interactions with various substances have been ably discussed by Little[6] 
and Mellor[101 in their books, and these may be consulted for detailed information. 
Aluminum is very reactive chemically and under proper conditions combines readily 
with oxygen, the halogens, nitrogen, sulphur, and carbon; it is readily attacked 
by some acids, but not at all, or slightly, by others; and it is readily soluble in alkalies. 
The chemical properties of light aluminum alloys are, in general, similar to those of 
the substantially pure metal. Aluminum is a silvery-white metal vnth a slightly bluish 
tinge, and it has great coloring power, z.e., it readily whitens colored metals in alloys. 
Aluminum forms one series of salts in which it is trivalent, and the salts are derived 
from the basic oxide, AI2O3. Aluminum salts are nonpoisonous; consequently 
aluminum cooking utensils are preferred to tinned steel utensils. On the basis of the 
ionic hypotheses, the salts of aluminum dissociate in aqueous solution, according to 

AIX3 A1+++ + 3X- 

yielding the colorless cation Al’^‘^+ The ionic mobility of the cation H Al*^++ is 
40.4 at 18®C., according to Heyvveiller. Aluminum stands high in the electromotive 
series. The atomic weight of aluminum is now given as 26.97 by the International 
Union of Pure and Applied Chemistr3\ 

Interactions with Various Substances. — A few of, the principal reactions of alumi- 
num with various substances are indicated briefly here, and further information will be 
found below under Corrosion of Aluminum and Aluminum Alloys, particularly on the 
action of air and water. Aluminum is attacked slowly by cold acetic acid, but the 
rate of attack increases markedly with increasing temperature and increasing dilution 
of the acid. Butyric acid attacks aluminum slightly in the cold, but with boiling 
butyric acid the action is similar to acetic acid. Aluminum is attacked very rapidly 
by hydrochloric and hydrofluoric acids in all concentrations, with the evolution of 
hydrogen. Lactic acid has very slight effect. Cold concentrated or dilute nitric acid 
attacks aluminum slowly, and the metal can be employed for handling such acid. 
Traces of sulphuric acid in nitric acid increase the rate of attack. Oleic acid has 
practically no effect on aluminum. Aluminum is dissolved appreciably by hot dilute 
sulphuric acid, but the action of the concentrated acid is slow. Alkali hydroxides 
attack aluminum and its light alloys rapidly. 

Aluminum interacts with carbon at high temperature to form aluminum carbide, 
AI4C3, and carbon monoxide and dioxide interact with it, forming aluminum carbide 
or aluminum oxide and setting free carbon. Aluminum carbide is decomposed by 
water, yielding aluminum hydroxide and methane. Chlorine, bromine, and iodine 
all attack aluminum rapidly. Nitrogen combines directly with aluminum at moderate 
temperature (400 to 800®C,), forming aluminum nitride, AIN. This is attacked 
by water, yielding aluminum hydroxide and ammonia. Aluminum reacts ynib ele- 



20 


NONFERROUS METALLURGY 


mental sulphur at moderately high temperature to form the sesquisulphide, AljSi, 
■with phosphorus, to form a number of phosphides, and with arsenic, to form the com- 
pounds AlAs and AljAs* Aluminum forms many chemical compounds, notably the 
alums, e o , NaiSO* AljfSO^), 24HiO 

Oxidation of Aluminum —The affinity of aluminum for oxygen is very great, 
and fine aluminum powder, or very thin foil, bums in the air, on ignition, with great 
violence The thermit reduction of metallic oxides is based upon the high affinity of 
alummum for oxygen Thus, when aluminum powder is mixed with a finely divided 
metafile oxide and the mixture ignited, the reaction takes place with nolence, yielding 
aluminum oxide and the metal of the metallic oxide reduced, e g , 

FejOi + 2A1 = AliO, + 2Fe 

The molecular heat of formation of Al^Oj is about 386,000 cal , or about 128,700 cal 
per gram atom of oxygen 

Metallic aluminum is normally covered with a thin film of alummum oxide, and 
when heated in air, at temperatures up to the melting point, small particles of alumi- 
num are gradually oxidized to alummum oxide Much experimental attention has 
been given to the oxidation of aluminum, but considerable uncertainty still exists as 
to the actual final end product of oxidation Thus, several oxides, other than AljOj 
are mentioned in the hterature Pionchon claims that the final end product of oxida- 
tion IS AljO SAIiOj, indicating the existence of the suboxide AliO Kohn-Abrest 
mentions AlO, and Al^Ot and AIbOt have been described All these seem unlikely 
Rhodm, however, submits that substantially pure aluminum hums in air to form 
AljOi, just as iron burns to FeaOt Alummum quickly oxidizes if the surface is rubbed 
with mercury, an arborescent growth of alummum oxide rapidly forming all over the 
metal This phenomenon is known as the “activation of aluminum " 

Properties of Alummum and Alummum Alloys — The general physical and 
mechanical properties of substantially pure (commercial) aluminum have been 
fairly well determmed, but much testing work on the properties of the light alloys 
13 still needed The tensile stiength of aluminum is low, and the substantially pure 
metal finds limited and special employment for engmeenng construction, being 
valued chiefly because of its low specific gravity, great ductility, high electrical and 
thermal conductivity, and resistance to atmospheric corrosion Where it is desired to 
take advantage of the low specific gravity of the metal, however, but where consider- 
able strength is required, it is necessary to employ aluminum alloys 

Some excellent alummum alloys have been developed for particular purposes, and 
certain of these possess tensile strength exceeding that of mild steel and the specific 
tenacity of alloy steels Alummum is malleable and ductile m the cold and can be 
rolled into sheet, drawn into wire, stamped and spun, and otherwise worked both hot 
and oaJd 4bo metal and its sRoj s are hot-ehort at high tempe/ataoes, and some 

of the alloys are cold-short 

The physical properties of aluminum and alummum alloys are variable over a 
wide range depending upon the chemical composition, the physical condition, t e , 
whether cast or worked, and the heat treatment From the commercial point of 
view, the foUowmg properties of alummum and alummum alloys are of importance 
in particular applications specific gravity, hardness, tensile properties at the ordmary 
and elevated temperatures, modulus of elasticity, compressive strength, resistance to 
alternating stresses and impact, thermal expansion, growth on heating, thermal con- 
ductivity, electrical conductivity, and others To the foundryman, the following 
properties of aluminum alloys are of importance from the point of view of easy cast 
ing contraction m volume and linear contraction, fluidity and -viscosity, surface ten- 
sion, latent heat of fusion, melting points, and some of the other properties mentioned 
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above. The general physical properties of aluminum have been well summarized in 
Circular 76 of the National Bureau of Standards, and valuable data are to be found in 

Table 2. — ^Physical, Mechanical, and Other Properties of Aluminum^ 


Property 

Units for expression 

Value 

Specific gravity, 20 ®C 

Grams per cubic centimeter 

2.70 + 

Specific gravity, liquid, 800°C 

Grams per cubic centimeter 

2.343 

Solidification shrinkage 

Per cent 

6.6 

Melting point 

Degrees centigrade 

658.7 

Boiling point 

Degrees centigrade 

1800 ± 50 

Thermal expansivity 

Increase in length per cent of 
length per degree centigrade 
(0 to lOO^C.) 

0.0000239 

Thermal conductivity, at 18®C 

Gram-calories per cubic centi- 
meter per 1 degree centigrade 
per second (c.g.s, units) 

1 

0.54 

Latent heat of fusion 

Gram-calories per gram 

77 

Latent heat of vaporization 

Gram-calories per gram 

2100 

Specific heat 

Gram-calories per degree centi- 
grade (18 to 100 °C.) 

0.212 

Vapor tension 

At melting point in millimeters 



of mercury 

1.0 X lO'-^^ 

Specific electrical resistance 

Microhms per cubic centimeter 



at 20 °C. 

2.82 

Temperature coefficient of resistivity. 

Per degree centigrade (20 to 



100 *^ 0 .) 

s 0.0039 

Magnetic susceptibility 

H X 106, at 18°C. 

+0.65 

Hardness (sheet) }^TL 

Brinell (10 mm., 500 kg., 30 sec.) 

28 

Hardness (sheet) J^H 

„ , f Magnifier hammer 

Scleroscope ■{ tt ■ i i, 

^ (Umversal hammer 

5-6 

4-5 

Tensile strength (sheet) H 

Pounds per square inch 

13,000 

Yield point (sheet) H 

Pounds per square inch 

8500 

Elongation (sheet) H 

Per cent 

15 

Reduction in area (sheet) 

Per cent 

35 

Modulus of elasticity 

Pounds per square inch 

10 , 000,000 

Compressive strength A-132 

Pounds per square inch 

30,000 

Linear contraction, 700 to 25°C 

Per cent 

1.68 

Surface tension, 700°C 

Dynes per centimeter 

520 

Heat of combustion to AI 2 O 3 

( Calories per gram-atom of 0 

128,700 

\ Calories per gram-molecule 

386,000 

Heat of chlorination to AICI 3 

Calories per gram-molecule 

180,000 

Heat of sulphuration to AI 2 S 3 

Electrolytic solution potential against 

Calories per gram-molecule 

42,000 

calomel electrode 

Volts 

1.04 

Atomic weight 

0 = 16 

26.97 


* Data collected from various sources. 

the book by. Girard [9]. The reports to the Alloys Research Committee of the Insti- 
tution of Mechanical Engineers[18, 19, 24, 36] may be consulted for data on the 
physical properties of some aluminum alloys. 
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Table 2 gives a summary of the principal physical and mechanical properties of 
substantially pure aluminum, the figures may be compared with the corresponding 
properties for magneaum m the chapter on the Metallurgy of Magnesium and Mag- 
nesium Alloys in this work Table 3 gives the average tensile properties of gubstan- 


Table 3 — ^Tensile PhopebtiBs or StrosTANTiALLT Pore Aluminum* 


Form 

Yield point, 
lb per sq m 

! 

Tensile strength, 
lb per sq m 

Elon- 
gation on 
a 2-in 
length, 
per cent 

Reduc- 
tion in 
area, per 
cent 

Sand cast* 

8,000- 9,000 

11,000-13,000 

15-25 

30-40 

Chill cast* 

9,000-10,000 

12,000-14 000 

20-30 

50-60 

Sheet 





Fully annealed 

5,000- 6,000 

12,000-15,000 

15-30 

30^0 

Half bard | 

13,000-14,000 

15,000-19,000 

10-20 

20-30 

Hard (heavy reduction) 

20,000-24,000 

22,000-26,000 , 

2-10 

5-20 

Bar, hard-drawn 17S-T 

14,000-25,000 : 

28,000-35,000 

3-10 

6-20 

Wire j 


1 



17S-T 1 

14,000-33,000 j 

28,000-55,000 j 

1-10 

2-20 


• Appioximate Vilues from IfArlou* ftofercet 

• But pure aluminura la r&relyliaed for esatil^KS 


tially pure aluminum m TarKUis forms The tensile properties ^ aluminum at ele- 
vated temperatures may be^jflelermlned frotn the formula Riien h\''fhe Aliiniinum 
Co of Amenen, etr t " ^ I 

^ 14,107 - 32141 

where t s= the temperatur^ of testing in degrees centigrade (between 50 and 400®C ), 
and Si = the tensile strength in pounds per square incli at the temperature t The 
solidification shrinkage of aluminum is high, 6 6 per cent 

Physical and Mechanical Properties of Aluminum Alloys — The general physical 
and mechanical properties of the hght aluminum alloys vary over a wide range, 
depending upon the composition and the condition The extreme limits of specific 
gravity of the commercial alloys are about 2 4 and 3 3, and moat commercial alloys'' 
have a specific gravity under 3 0 The contraction in volume of most of the alloys is 
high, but less than that of alummum, and the sihcon-bearuig alloys have the least 
contraction Experiments by the wnter[60] have shown that the Imear contractions 
if I ■'ftjillioyir vwry inHne range Vya' vo ‘ per cerir 'T ne melting points di the alloy a 

range below that of alummum don n to about 575“C , the 92 8 aluminum-copper 
alloy melting at 636®C hile aluminum is very soft, it can be hardened greatly by/ 
alloying, and the Brmell hardness of the commercial alloys ranges from 25 to 125 
(10 mm 500 kg , 30 sec > 

The tensile strength of the light alummum alloys vanes greatly, when cast in 
sand, depending upon the chemical composition, and, roughly, it lies between about 
14,000 and 38,000 lb pe sq in ChiU-cast alloys are considerably superior as 
to strength and ductility to sand-cast ones In castings, the strength is a function 
of the size of section and the pouring temperature, being less with increase of section 
size and increase of pouring temperature Gillett[22] has shown that the strength of 
alloys poured at high temperatures may be 10 to 20 per cent less than when poured 
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at low temperatures. The mechanical properties of most of the light alloys are 
improved by either hot- or cold-working, and the best properties of one class of alloys 
(duralumin) are brought out only by working followed by heat-treatment and aging. 
Duralumin manufactures have been made with tensile strength up to 80,000 lb. per 
sq. in. The elongation of sand-cast aluminum alloys varies from nil to around 
12 per cent. Table 3 gives the tensile and other properties for some sand-cast alumi- 
num alloys poured at low temperature. 

Few data are available as to the compressive strength of aluminum alloys, but the 
range is roughly 70,000 to 100,000 lb. per sq. in. At elevated temperatures, the alloys 
lose strength, and most are weak above SOO'^C. The addition of small amounts of 
iron, manganese, or nickel to binary aluminum-copper alloys increases their strength 
at high temperatures. All the aluminum alloys are exceedingly hot-short, i e , weak 
at temperatures immediately below the solidus. In fatigue (resistance to alternating 
stresses) the behavior of the alloys is variable, but the following alloys will withstand 



I^G.8. — Sand-cast No. 12 alloy; etched with Fig. 9. — 93:4:3 Al.Cu Si alloy; X 600) 

NaOH; X 75. {Dix,) 


10,000,000 reversals with 7000-lb. maximum fiber stress, viz., 92:8 aluminum copper; 
2 to 3 per cent copper, 12 to 15 per cent zinc, and remainder aluminum; and 1.5 to 2 
per cent copper, 1.5 to 2 per cent manganese, and remainder aluminum. Forged 
duralumin will stand 100,000,000 reversals (White-Souther) at 15,000-lb. maximum 
fiber stress. The Charpy impact resistance of aluminum alloys is 1 to 5 ft.-lb , 
notched bar, while the Izod value is 2 to 6 ft.-lb. 

The coefficient of thermal expansion of the commercial light aluminum alloys 
varies between 22 X 10“® and 27 X 10“®, c.^., that of the 88:12 aluminum-copper 
alloy is 26.4 X 10“®, as compared with 22.31 X 10“® for aluminum. When a light 
aluminum alloy is heated, it first expands, as do most metals and alloys. After 
reaching about 250 °C., however, the increase in size becomes quite rapid and con- 
tinues for some time, even though the temperature remains constant. This is called 
permanent growth, since on cooling down the increase in size is not lost. All the light 
aluminum alloys have thermal conductivity less than that of aluminum, and, generally 
speaking, the greater the percentage of additive elements in an aluminum alloy, the 
lower the thermal conductivity. Unhke cast iron, the thermal conductivity of the 
aluminum alloys increases with increasing temperature; that of cast iron decreases 
very slightly, ^^^^ereas the thermal conductivity of aluminum = 0,504, that of the 
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light illoya varies m the range 0 2o to 0 48> e g , the thermal conductivity of the 88 12 
aluminum copper alloj la 0 382 at 100*C The electrical conductivity of the alumi- 
num alloys IS lower than that of aluminum, the resistivity ranging up to 5 70 microhms 
per centimeter cube The electrical resistivity of duralumin is 3 35 microhms per 
centimeter A most exhaustive study of the electneal properties of numerous 
aluminum alloys is due to Broniew8kiI23] 


Tabi^ 4 — ^Tensile and Other Profertieb ov a Series of Sand-cast Light 
Aluminum Alloys* 


Nominut 

1 pcrcen 

t 

Elastic limit pounda 
per square inch 

Yield point pounds 

^ i 
111 

g S 

2 ^ 

W " 

i 

1 

|| 

Specific gravity 

1 

1 

Linear contra cUo>n 
inches per foot 

At 

Cu 

Otbor 

metxls 

Mg 

too 




2 000 

B 000 

12 000 

20 

35 

2 70 

25 

658 7 

0 202 

96 





10 000 

16 500 

5 

7 

2 77 

45 

650 

0 188 

92 

8 



8 000 

12 000 

19 000 

1 6 

2 

2 85 

65 

636 

0 172 

88 

12 



9 000 

IS 000 

21 000 

0 5 

1 

2 93 

70 

620 

0 168 

95 



5 


16 OOO 

22 000 

1 0 

2 

2 62 


630 

0 175 

90 


* 

10 


18 000 

24 000 

0 5 

1 

2 54 


606 

0 140 

98 


2 Mn 


4 000 

7 000 

17 000 

7 

0 

2 75 

40 

654 

0 198 

9j 


Sb* 


3 000 

6 000 

18 000 

4 

5 

2 07 

40 

620 

0 160 

90 


10 


5 DOO 

10 OOO 

20 OOO 

2 

3 

2 49 

50 

597 

0 150 

87‘ 


13 9i/ 


5 000 

12 000 

28 OOO 

8 

12 

2 C4 

60 

605 

0 142 

90 


10 Zn 



10 000 

19 000 

8 5 

10 

2 74 

60 1 

645 

0 189 

80 


20 Zn 



20 000 

27 000 

1 

2 

3 00 

70 

623 

0 167 

67 


33 Zn 


15 OOO 

20 000 

33 000 

NI 

Nil 

3 33 


600 

0 152 

97 

2 

1 Mn 




20 000 

to 

15 1 

2 BO 


649 

0 198 

82 

3 

15 Zn 




28 000 

2 

3 

3 00 

85 : 

625 

0 171 

89 5 

7 5 

1 5Fei 



12 000 

22 000 

1 5 

1 5 

2 85 

65 

63^ 

0 168 



1 5 Zn 











93 

4 

3 Si* 



10 000 

IS 000 

2 6 

2 5 i 

2 80 

50 1 



88 2 

10 

1 5 Fo 

0 3 


11 OOO 

22 OOO 

0 5 

1 

2 90 

90 1 


0 168 

925 

* 

I 6Ni 



12 000 

25 000 

2 

1 

2 so 

70 


0 164 


* DflU trom various sources • Approximate Alcoa 195 / Approximate Alooa 47 

* lO-mm ball 600 kg 30 see * Alcoa 220 » Approximate Alcoa 112 

* Modified alloy » Alcoa 43 * Alcoa 108 


Many light aluminum alloys possess aging properties, i e , when freshly cast they 
ma.y hnva thme tanjuJlfl. ^m^actias. enhanited. hy at. *Jbjt 'M'iwAxy 

and m the same way the machining properties may be improved Thus, m foundry 
practice, it is usual to allow freshly cast parts of difficultly machineable alloys to age 
for some time at the ordinary temperature, when it ivill be found that they cut more 
satisfactorily than if machined soon after being taken out of the sand In some alloys, 
the increase in tensile strength found on aging for one month after casting wiH be 25 
to 30 per cent, but the elongation is decreased The Bnnell hardness increases on 
agmg at the ordinary temperature Heat-treatment enhances the strength and hard 
ness of certain alloys most markedly It is an accelerated aging 

Corrosion of Alundnum and Aluminum Alloys — \Vhile it is often thought that 
alummum and its bght alloys are very susceptible to corrosion and that they, there- 
fore, cannot be used for many purposes, these materials are actually more resistant 
to some corrosion influences, e g , ordinary atmospheric air, than are most simple 
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steels. The behavior of the metal and its alloys in different corroding media is, of 
course, very variable, and the resistance to corrosion of different alloys in the same 
media may be, and usually is, variable. Thus, the corrosion of aluminum or any 
aluminum alloy may be rapid in an acid-gas atmosphere, but slow in sea water or in 
ordinary atmospheric air; also, an aluminum-zinc alloy may deteriorate rapidly in sea 
water, while an aluminum-manganese alloy will corrode slowly. 

The greater resistance of aluminum and its light alloys to ordinary corroding media, 
as contrasted with iron and steel, is explained by the surface coating of aluminum oxide 
which forms and protects against further corrosion. The corrosion of aluminum is 
affected by its purity, and for applications where specific resistance against corroding 
media is desired, the purer varieties will withstand attack better than less pure metal. 
Thus, the 99.9+ per cent metal made in the Hoopes cell is practically not corroded at 
all in dilute hydrochloric acid, while the ordinary 99+ per cent metal is rapidly 
attacked. Some of the light aluminum alloys, and also aluminum, when worked, are 
subject to corrosion cracking (season cracking) — a phenomenon familiar to brass 
metallurgists — f.e., the materials exfoliate and crack in certain solutions, owing to 
internal stresses. Hard-worked aluminum corrodes more rapidly than annealed metal 
in general, and cast aluminum corrodes more rapidly than the hard-worked, because of 
minute pores in the former that give rise to local action. The corrosion of aluminum 
and its light alloys in various media has been described in many published papers, and 
only the more general aspects of the subject can be discussed here. 

When aluminum and its light alloys are exposed to air, they become coated with a 
thin film consisting largely of aluminum oxide, AI 2 O 3 , or aluminum hydroxide in 
moist air. This film, if not broken down mechanically, serves as a protective coating, 
and apparently it should prevent further corrosion almost indefinitely. This film, 
however, may be broken readily by abrasion and other mechanical influences in serv- 
ice, and it is also penetrable by gases and liquids, for this reason it does not serve 
as an effective protection unless it is fairly thick. Aluminum is attacked slowly by 
fairly pure atmospheric air and more rapidly by impure air. In ordinary damp air, 
the oxidation may be regarded rather more as a hydration of the metal taking place 
simultaneously with oxidation, since in the presence of moisture, the reaction 

A1 + 3 H 2 O - A1(0H)3 + 3H 

takes place and a colloidal film of aluminum hydroxide is formed. In the presence 
of carbon dioxide, the oxidation of the metal takes on a pitting effect, owing to the 
attack of carbon dioxide on the film of aluminum oxide and aluminum hydroxide, 
thus revealing a fresh surface of the metal to further action. 

Aluminum is not attacked by distilled water, but is attacked by tap water, impure 
waters, and sea water, the corrosion depending upon the constitution of the waters. 
Oxygen is regarded as the prime cause of corrosion of aluminum by water. It has 
been indicated that alkalies attack the metal and its alloys rapidly, and alkaline waters 
are very corrosive. Alcoholic solutions and liquors have little action, and aluminum is 
used in the spiritous liquor and brewing industries for containers. So-called cutting 
solutions and compounds used for machining aluminum and its alloys have no effect 
unless they contain soda ash or related sodium compounds. 2ther has no corrosive 
action. Gasoline and oils have no action. Iron salts and compounds of iron cause a 
blackening of the metal. Lactic acid and milk have no action, and aluminum con- 
tainers are used in dairying. Aluminum is attacked by some paints. 

]^otection from Corrosion.— A great deal of thought has been given to the pro- 
tection of aluminum and its alloys by means of various coatings. Spar varnish was 
the first means used, chiefly for protecting aluminum and aluminum-alloyed parts 
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from sefl water corrosion on seaplanes The “browning” process of von Grotthuss 
was another early method in which the aluminum part was suspended in an electrolyte 
consisting of a sulphur compound of molybdenum with a zinc anode and electrolyzed 
at 60 to 65®C The metal was soon covered with a dark brown coating which could be 
rolled or bent without cracking A process at one time popular with our Air Corps 
was the Z-D process of Zimmerman and Danielsl661 which consisted in treatmg the 
parts to be protected with a solution of sodium sihcate followed by baking 

The chief dependence now is on anodizmg, which is essentially an artificial buildmg 
up of the normal alummum oxide film to a thickness that will resist corrosion The 
first work on this process appears to have been done by Bengough and Stewart 
(British patent 223994), who made the alummum article to be treated the anode 
in a chromic acid electrolyte They also noted the ability of these oxide films to 
take up dyea Certain sulphuric acid processes followed, among them bemg the 
so called Brytal process (Bntiah patent 449162) Some further notes on anodizing 
will be found m the chapter on chromium 

Commercial Alummum Alloys — Many different alloys are now in common use 
Table 5 shows a number of the standard alloy s recommended by the Aluminum Co 
of America, the table bemg based on its numbering Because of variations produced 
by heat-treatment, some of the tensile strengths show a wide vanation Even the 
minimum values should not be used as specification limits, though ordmarily they 
can be depended upon There are changes m dimensions of some aluminum alloys 
on agmg, and most of this change can be brought about m a few hours by appropnate 
heat-treatment For work requiring close tolerance, it is necessary either to allow 
the castmgs to age spontaneously or to give them a heat-treatment before machmmg 

It may be noted that the alloy commonly referred to as Dural is practically the 
Aluminum Co ’a 17S, while 24S heat-treated (24ST) la practically the European 
Superdural The term “superdural” is often used to mean any low-copper heat 
treatable alloy, but stnctly speaking, it should refer to the alloys onginally introduced 
by Wihft The hardening of these alloys la due to the precipitation of a metalhc 
compound, MgiSi, u hich occurs when the material is quenched at 480 to 500“C and 
then aged The aging may be greatly accelerated by drawmg to about 100*0 The 
change can be delayed by keeping the material under refrigeration after quenching if 
subsequent forming operations are to be performed on sheets This is now standard 
practice in certain plants 

Zinc duralumin is a term used to connote a class of heat-treatable alloys of the 
composition, for example 


Pen Cent 


Copper 2 5 

Magnesium 0 6 

Manganese 0 5 

Zinc 20 0 

Aluminum (by difference) llemamder 


Zinc duralumms may be hardened by quenching followed by aging as in simple 
duralumins These alloys have been discussed by Rosenbam and his collaboratorsI36] 
The tensile properties of the alloys after working and heat treatment are most remark- 
able Rolled sheet, after quenchmg from 400®C and rerolhng before hardening has 
set in, has the following properties yield point, 64,000 lb , tensile strength, 75 000 lb 
per sq jn , and elongation, 10 per cent Of special duralumins, the 92 6 4 I 5 2 
aluminum copper magnesium nickel alloy has been considerably exploited, and the 
aluminum magnesium ailicide alloy (about 1 per cent magnesium plus sufficient silicon 
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to form MgiSi) developed as the result of investigations by Hanson and Gayler has 
had some use. This alloy is heat-treatable and is used for sheet, bars, rods, tubing, 
and special shapes. It is softer and less strong than ordinary duralumin, having a 
strength of about 48,000 lb. per sq. in. as rolled and heat-treated as against 62,000 lb. 
for duralumin. 

The alloy 25S is the one most commonly used for air screws, and it appears to 
be about the same as the German Lautal. \ 



Fig. 10. — Duralumin sheet; water-quenched from 512°C. and air-aged; etched HNOs 

quench; X 200. 

Casting Alloys. — Originally most aluminum castings were made in the so-called 
No. 12 alloy (92Al:8Cu). This alloy has been almost completely succeeded by Kos. 
112 and 212 of Table 5. Number 112 is the better machining alloy, but No 212 
makes better castings. Numbers 172 and 212 are particularly recommended for 
thin-sectioncd castings B113 and Cl 13 are recommended for permanent castings, 
as is also No. 122. This last alloy has good strength at elevated temperatures as 
compared with most of the aluminum alloys. Number 81 is recommended for smaller, 
comparatively simple die castings. 

All the above are aluminum-copper alloys. The aluminum-silicon alloys are 
probably better casting alloys than the aluminum copper. Their fluidity and 
freedom from heat shortness increase to about 12 per cent of silicon, which is the 
Aluminum Co.'s alloy No. 13, and is apparently the aluminum silicon eutectic. 

If the metal is melted under an alkaline fluoride flux, it is possible to obtain a 
silicon content higher than the normal eutectic composition, the castings having an 
extremely fine grain structure. This type of alloy is known as the ^^modified" alloy. 
The result of the treatment is largely lost on remelting. 

The aluminum-silicon alloys were originally introduced by A. Paez and are some- 
times known by his name. These alloys are sometimes known in Germany as Silumin 
and in France ns Alndar, as well as being known from their inventor as Alpax. The 
12 per cent silicon alloy is reported as being used by the Germans as their chief piston 
alloy. 

Aluminum-magnesium alloys have good mechanical properties and are particularly 
resistent to corrosion and tarnish. Alloys 214, B214, and 218 are recommended by the 
Aluminum Co. of America as considerably superior to other common sand-casting 
alloys of aluminum. 
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Table S — Aluminum Alloys in Common Use 
(Alloy Numbers are those of the Aluminum Co of America Data largely furnished 
by Aluminum Co of America) 
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Table 5. — Aluminum Alloys in Common Use. — (Continued) 


Alloy 

No. 


Cu 

Si 

Mn 

Mg 

Zn 


Fatigue 
Unut» 
tons per 
sq. in. 

Ultimate 
tensile 
strength, 
tons per 
sq. in. 

Sp. gr., 
lb. per 
cu. in. 

A2I4 

PM 




3.8 

l.S 



13.5 

0.096 

B214 

SC PM 


1.8 


.3_R 






218 

p 







9.0 

19.0 

0.091 

220 

SC 







3.5 

22.5 


A254 

T> 


.... 








315 

D 


! 1. 





1 



A334 

SC 

3.0 

mm 

.... 

0.3 



1 

4.3 

12.5 


355 

SC PM 

1.3 

5.0 


0.5 



4.3 

12.5-21,5 

ES^ 

A355 * 

SC 1 

1.4 1 

5.0 

0.8' 

EE 

. . . .! 

KvO.8 

4.3 1 


IB 

356 

SC PM 

0.2 

7.0 

0.1 

0.3 


FeO.4 

4, 0-4. 3 



406 

SC 



WK 



1 

2.8 j 

9,5 


505 

D 

0.5 

0.5 




1 

Ni4.5 1 



0,101 

645 

SC 

2.5 




11.0 

Pel. 2 ' 

3.8 ' 

14.5 


SC-— sand casting; W — wrought; PM — permanent mold casting; D — die casting. 

Ultimate tensile and fatigue limits depend on the heat-treatment and condition. The figures there- 
fore vary widely. The upper figure is usually at maximum hardness. Permanent mold castings have 
higher values than sand castings, 

“ Will not age spontaneously; requires heat- treatment. 

^ Ages spontaneously. Fabricate or refrigerate immediately after quenching. 


Englisli practice lias largely developed around the use of aluminum-zinc alloys, 
which are represented in Table 5 by alloys 112, Cll3, A214, and 645. There has been 
prejudice in the United States against the use of the zinc alloys largely because of the 
labor difficulties of keeping high-zinc scrap separate from zinc-free material. 

The aluminum-nickel alloy (95.5 AI;4.5 Ni) is used for die castings. The 92J^ AI, 

4 Gu, 114 Mg, 2 Ki is used for sand and permanent mold castings, particularly cylinder 
heads; it has a good strength at elevated temperatures and good bearing character- 
istics (alloy No. 142). This alloy is the one often referred to as the alloy of the 
English National Physical Laboratories. 

Melting Practice. Aluminum and aluminum alloys are melted in various types 
of furnaces in practice, and there is really no standardized mode. In foundry prac- 
tice, light aluminum alloys have been melted in all types of furnaces that have been 
used for brass and bronze, and the iron-pot furnace, so widely used for melting 
so-called white metals, is the only one employed for aluminum alloys that is not 
used for brass and bronze. W^ile a great variety of furnaces are in commercial use, - 
as indicated, the iron-pot furnace is generally preferred for melting aluminum alloys 
m foundry practice and the reverberatory-type furnace for aluminum in rolling-mill 
practice. The theoretical and practical aspects of aluminum and aluminum-alloy 
inciting have been discussed at length by R. J. Anderson in published papers[37 38 
43, 50], whicli may be consulted for detailed information. ’ ’ 

One of the principal difficulties in aluminum and aluminum-alloy melting is the 
prevention of oxidation (dross) losses, and even with the best practice there is always 
considerable loss. In practice, the metal and its alloys should be heated only to the 
required pounng temperature or a little higher, and "soaking” of melts should be 
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avoided The pouring temperature for aluminum in casting rolling ingots is pref- 
erably 700 to 750"C , while in sand practice the pouring temperature may vary between 
700 and 800®C , depending upon the type of casting 

Types of Furnaces and Operation — In foundry practice, the following types of 
furnaces are employed in the United States coal-, oil-, and gas-Ered reverberatory 
furnaces, oil- and gas-fired stationary and tilting iron-pot furnaces, coal- and coke- 
fired stationary and tilting crucible furnaces, oil- and gas fired open-flame tilting, 
rotating, and stationary furnaces, and electric furnaces of several types In general, 
ordinary brass-melting furnaces of lanous types have simply been adapted for 


Table 6— TrncAL Temsiub Properties of TVbouoht ALtnuiNUM Alloys at 
Elevated Temperatubes 
(Courtesy Aluminum Co of America) 



Temp , 

1 

Strength, 
lb per sq in 

Elon- 

gation, 

%m 

2 in 

1 

Temp , 
‘F 

Strength, 

1 lb per sq in 

1 loii- 
gation, 

%»i 

2 in 

Yield 

Tensile j 

Yield 

Tensde j 

24S-T 

75 

45,000 

68,000 ^ 

22 

2-0 

1 “75 ' 

5,000 

13,000 ^ 

45 


300 : 

35,000 

42,000 

21 


300 , 

3,500 

7,500 i 

65 


400 

23,000 1 

28,000 

25 


400 

3,000 1 

6,000 

70 


500 

10,000 

14,000 

40 


500 

2,000 

3,500 ' 

85 


600 

6,000 

7,500 

65 


600 

1,500 1 

2,500 1 

90 


700 

3,500 

4,500 

100 1 


700 

1,000 

1,500 1 

95 

A51S-T 

75 

40,000 

47,000 

20 1 

112 i 

75 

14,000 1 

23,000 : 

1 5 


300 

15,000 

19,000 

28 

1 

300 

24,000 1 

25,000 1 

1 5 


400 

5,500 

7,500 

58 ' 


400 

15,000 

19,000 

1 5 


500 

4,500 

5,500 

59 


500 

10,000 1 

15,000 ' 

3 5 


600 

3,500 

4,500 

60 


600 

4,500 1 

6,500 

20 0 


700 

3,000 

3,500 

65 






52S-T 

75 

33,000 

39,000 

20 

122 

75 

30,000 

38,000 

1 0 


300 

22,000 

25,000 

17 

T-61 

300 

30,000 

35,000 

1 2 


400 

10,000 

13,000 

30 


400 

16,000 

22,000 

2 0 


500 

3,500 

6,000 

70 


500 

5,000 

10,000 

6 0 


600 

2,500 

5,000 

75 


600 

4,500 

8,000 

14 0 


700 

2,000 

2,500 

90 







aluminum alloy melting, while in aluminum roUing-mill work reverberatory and open- 
flame barrel-shaped furnaces have been largely employed As indicated, the iron-pot 
furnace is preferred for melting aluminum alloys in founding, but open flame furnaces 
are being used more widely than a few years ago 

In small foundries, and in plants where only a minor part of the output is in 
aluminuoi alloys, pit or crucible furnaces are employed largely The elcctnc furnace 
melting of aluminum and its light alloys is receiving considerable attention, and a few 
installations have been made The tendency toward the employment of furnaces of 
large capacity, i « , reverberatory and open-flame barrel furnaces, necessarily came 
through the enlargement of plant capacity 

Turning to the question of oxidation losses on melting aluminum and its light 
alloys — when heated in, air, aluminum oxidires to aluminum oxide, AljOj, and the 
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rate of oxidation increases rapidly with increasing temperatures. Hence, one of 
the cardinal rules in melting practice is that the melting temperature should be kept 


Table 7.— Comparative Mechanical, Electrical, and Other Properties op 

Aluminum and Copper^ 


Property 

Aluminum 

Copper 


2.70 + 

8.89± 

A/Tplfinor nninf. Hpcrrpp.tj CIp.ntiE^rRflft* . 

658.7 

1083 


0.214 

0.095 

Specific thermal conductivity, calories per degree Centi- 
grade per squar'e ceritiineter per nenfimpter 

0.504 

0.895 

Approximate relative heat conductivity (silver = lOO 
per cent) 

50 

90 

CoeSicient of linear expansion, per degree Centigrade . . . 
Tensile strength, hard-drawn wire (No. 10 S.w.g.) 

pev 

0.000024 

2a,Q0Q 

0.000017 

50,000 

Tensile strength, annealed wire (No. 10 S.w.g.), pounds 

per pqiiare inch 

14,000 

29,000 

Modulus of elasticity, pounds per square inch 

10 X 10® 

17.5 X 10' 

Specific resistance in microhms per cubic centimeter at 
20°C.: 

Annealed 

2.8159 

1.7241 

Hard-drawn 

2.8735 

1.7585 

Specific resistance in microhms per cubic inch at 20°C. • 
Annealed 

i 

1 . 1086 1 

0.6788 

Hard -drawn 

1.1313 

0.6924 

Ohms per mil-foot at 20°C. : 

Annealed - 

16.939 

10.371 

Hard-drawn 

17.285 

10.578 

Resistance of solid conductor, 1,000 yd. long by 1 sq. in. 
cross-section, ohms : 

Annealed 

0.0399 

0.0244 

Hard-drawn 

0.0407 

0.0249 

Coefficient of increase of resistance with temperature, 
degree Centigrade 

0.00390 

0.00393 

Weight per 1,000 yd. by 1-sq. in. cross-section, pounds. . 
For hard-drawn conductors of equal resistance: 

Ratio of diameters 

3,510 i 

1.28 

11,520 

1.0 

Ratio of sectional areas 

1.64 

1.0 

Ratio of weight 

0.5 

1.0 

For hard-drawn conductors of equal temperature rise: 
Ratio of diameters 

1.18 

1.0 

Ratio of sectional areas 

1.39 

1.0 

Ratio of weight 

0.424 

1.0 



According to the British Aluminium Co., Ltd. 


low, and, moreover, heats should not be allowed to soak in the furnace. The oxidation 
product resulting on melting is known as dross,” and this ordinarily contains some 
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mechanically entangled metal, the percentage depending upon tho care used la 
skimming the melts In addition to the temperature, the constitution of the furnace 
atmosphere in which the metal is melted 13 of great importance, because of inter- 
actions that take place Thus, in addition to reacting with oxygen, aluminum 
reacts with nitrogen at normal melting temperature, forming aluminum nitride, 
and this appears in the dross Hence, when a furnace is operated with a great excess 
air supply, the dross loss 13 necessarily high 



Fla 11. — Stationary iron pot furnacea in a foundry 


AUoymg Practice — Prior to the production of any kind of nlummum-alloj manu- 
factuies, it 15 firat necessary to prepare the required alloys, and, m practice, the alloys 
may be prepared and used immediately or they may be prepared and cast into pig 
form for subsequent remeltuig As a rule, founders prefer to make up the alloys 
as required rather than to purchase prepared alloys Primary aluminum alloys 
of definite compositions are sold m ingot form for casting purposes, and a tremendous 
tonnage of secondary aluminum alloy pig is made and sold Primary aluminum 
alloys, whether pigged or used directly tor easting are made up by adding the alloy ing 
metal or metals to aluminum in a melting operation, while secondary aluminum 
alloys are made by running down scrap aluminum and aluminum alloys 

Foundry practice m making up alloys for casting vanes considerably, and melting 
charges may consist of the following (1) all-primary aluminum pig plus the necessary 
alloying metal, or intermediate alloy required for introducing the additive metal, 
plus foundry scrap or not, (2) primary aluminum alloy pig plus foundry scrap, (3) 
primary aluminum, intermediate aluminum alloy, foundry scrap, and secondary metal, 
(4) all socondari metal plus foundry scrap Other com binations have been empfoyed, 
and these will readily suggest themselves In making alummum-copper alloys, it is 
usual to make a fixed addition of copper to the aluminum by the use of the intermediate 
copper aluminum, alloy of nominal composition 50 SO copper-aluminum, known m 
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foundry practice as hardener/^ Pure copper and 33 : 67 and 60 : 40 copper-aluminum 
alloys are also employed. The preferred order of adding alloying elements to alumi- 
num is copper, silicon, iron, amnganese, and magnesium. 

Iron may be introduced into aluminum alloys by the use of light scrap tin plate or 
ferroaluminum, although the avoidance of iron is usually a more important problem 
than its addition, while magnesium is best added in small pieces as pure magnesium, 
using a perforated crucible or “phosphorizer” for containing the metal. Manganese 
additions are usually made with 25:75 manganese-aluminum alloy, and nickel as 
light sheet nickel or 20:80 nickel-aluminum alloy. Silicon is added preferably by 
using the 50 : 50 silicon-aluminum alloy. Zinc, tin, and other low-melting-point metals 
are added as such. An intermediate alloy is essential when high-melting-point metals 
are to be alloyed, and the employment of these intermediate alloys is a great con- 
venience. Most of them are brittle and can be weighed with accuracy, and their 
melting points are low, so that the additive metal can be introduced readily without 
long or high heating. Manganese may also be introduced by the use of manganese 
chloride in the flux. Zinc chloride in small amount is used extensively in melting and 
alloying practice for aluminum and its light alloys, with the object of cleaning and 
fluxing the melts. It is efficacious for the purpose. [59]. 

Secondary Aluminum and Aluminum Alloys. — Secondary aluminum is produced 
by remelting aluminum scraps and is used largely for remelting in foundry practice 
for making alloys, although some secondary metal is employed for the production 
of aluminum rolling ingots. Secondary aluminum alloys are made by remelting 
aluminum and aluminum-alloy scraps, and such alloys are used largely in foundry 
practice. In the remelting of aluminum-bearing scraps no refining can be done, 
as in the case of copper, and, consequently, secondary aluminum and aluminum 
alloys are normally less pure than the corresponding primary materials. The usual 
impurities found in secondary aluminum include copper, iron, silicon, manganese, 
and zinc, while secondary aluminum-alloy pig, say No. 12 alloy, may contain iron, 
silicon, manganese, magnesium, tin, and zinc, in addition to copper. 

While all sorts of aluminum scraps are utilized in making the secondary metals and 
alloys — including aluminum dross and skimmings, aluminum rolling-mill scrap, 
aluminum fabricating scrap, particularly from utensil plants, and the corresponding 
aluminum-alloy scraps — the bulk of the secondary aluminum-alloy pig is produced by 
smelting aluminum-alloj’^ machinings from aircraft and ordnance plants. Consider- 
able heavy aluminum-alloy scrap results from the junking of old motor cars, and this 
makes good material for remelting. In machining castings, about 25 per cent of the 
weight is removed. In cutting and working sheet aluminum, about 20 per cent 
ordinarily goes into scrap. Considerable amounts of aluminum dross and aluminum- 
alloy dross are smelted in secondary practice. In drosses, the content of metaUics 
may run 5 to 60 per cent, depending upon conditions, and the recovery on smelting 
varies from 40 to 75 per cent. The recovery on smelting borings may be 40 to 90 per 
cent of the metal charged, and 80 per cent is good recovery on dirty borings. Recov- 
ery naturally depends upon the quality and size of borings, t.c., as to whether the 
chips are oily, dirty, or clean, and whether large or small [67]. 

A recent proposal for scrap treatment has been put out by the Aluminum Co. 
of America. Aluminum aircraft scrap is to be introduced in a bath of sodium hydrox- 
ide which will dissolve the aluminum, and the solution is to be treated by the Bayer 
process, leaving cvcrj^thing else behind. G. C. Riddell has put forth the objection 
that zinc would also dissolve, thus contaminating the solution. The proposal was to 
treat it as an ordinary Bayer-process liquer. 

The question of fluxes to be used in secondary aluminum work is of great impor- 
tance, and a great number have been suggested, although only a few have been 
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extensively employed m practice The object m using a flux is to reduce oxidation loss 
on melting and to cause coalescence of the metal, particularly when melting fine scraps, 
hke bormgs, and drosses In practice, the 85 15 sodium chloride calcium fluonde 
flux IS used most generally, but zinc chloride, several special mixtures of alkah fluorides, 
and cryohte are also employed As indicated, the methods of smelting are varied, 
and all sorts of methods have been suggested Heavy scrap can be readilj melted with 
httlc loss, but special methods are necessary in smelting drosses, borings, and fine 
scraps In running bormgs and drosses, the materials are often charged to a hquid 
heel in a crucible furnace with a flux, and the mass puddled to ensure coalescence of the 
melted globules, -while recently the practice of puddhng and working such materials 
in large reverberatory-type furnaces has gained ground Drosses are normally 
crushed and screened to remove aluminum oxide before smelting, while borings 
should be run over a magnetic separator to remove included iron chips Light scrap, 
hke that from utensil fabrication, may be economically baled before smelting 

Alummum Foundry Practice — Cast iron crucibles are very largely used in alumi- 
num foundries The crucible should be completely emptied each day (and some- 
times oftener) and a wash given With a suspension of 7 lb of -whiting per gallon of 
water Superior adhesion of the whiting to the metal can be obtained by adding 4 or 
5 oz of sodium silicate to each gallon of the mixture 

Graphite and clay crucibles are sometimes used, particularly if alummum-siheon 
or aluminum magnesium alloys are to be made, as their use mimmizes any iron 
pickup On the other hand, the molten metal has a tendency to pick up silicon if 
there is any m the crucible Co\ ers should be used on all crucibles in order to mini- 
mize the absorption of gas from the products of combustion 

It 13 impossible to judge the temperature of molten aluminum by its color as can 
be done with some other metals, so that some form of pyrometric control must be used 
Some good admee was contained in a paper on recommended practice for casting 
sponsored by the Alummum and Magnesium Committee on Sand Castings of the 
American Foundrymen'a Association read at the annual meeting in St Louts m J944 
Aluminum should be poured at the lowest temperature at which the casting will run 
and allow air bubbles and dross to escape from the metal Melting temperature 
should also be kept low to prevent the formation of oxide and the absorption of furnace 
gases Agitation of the molten metal either m the furnace or -while being taken to the 
mold increases oxide formation and gas absorption Continual skimming of the 
ladle mcreases the loss as oxide, since each time the protective coating is removed a 
new one forms If the metal must be stirred, it should be done from the bottom 
upward, disturbing the surface as httle as possible Pouring time should be kept as 
short and with as few breaks as possible The ladle should be kept as close to the 
sprue as possible, as too great a pouting height results in dross and trapped air in the 
final casting 

In general, temperatures m excess of I300°F for metal melted in direct flame 
fumacea and 1500“F for metal melted in induect-flame furnaces are to be avoided 
Metal that has been heated at too high a temperature and that has as a result absorbed 
too much gas does not give this out again even on prolonged standing, and metal 
that has become thoroughly gassed should be poured into ingots and lemelted 

Molding Sand and Core Sands —For green sand work a clay bonded sand free 
from orgamc matter and fallmg -within the A F A classification 1 G to 2G should be 
used The finer Band is best for Email benebwork and the coarser sand for floor work 
A typical Albany sand has the following analysis loss on ignition, 1 95, SiOj 80 52, 
Fe»Oi, 4 83, Al^Oi, 8 39, CaO, 0 67, MgO, 0 64, alkalis, 2 7 Sand of the above 
type mixed with 6 to 8 per cent water and lightly rammed gives a good surface to the 
castings and is open enough to permit the escape of the mold gases Cores are made 
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of silica sand and sometimes molding sand held together with linseed or tung oil, while 
resin, dextrin, flour, or combinations of these materials are used. A table furnished 
by the Aluminum Co. of America gives some typical mixes. An interesting basis 
for the classification of foundry sands will be found in a footnote on pages 62 to 63. 
In general, aluminum foundry sand should fall in the classification IG to 2G. 

A notable grain refinement can be produced in aluminum by the use of small 
quantities of columbium and titanium. In the case of columbium Pcr 

cent produces good results. With titanium up to pcr cent can be profitably 

used. Too much must not be used, for if Ko P^r cent of either of these elements is 
used the results become distinctly detrimental [75]. 

Apart from the solid fluxes such as the chlorides and fluorides, nitrogen gas and 
chlorine gas are also used in aluminum foundry practice. They are usually piped to 


Table 8. — Typical Core Sand Mixes for Aluminum-alloy Castings 




! Physical properties 


Sands, parts by volume 

Binders, parts 
by volume 

.. .. 1 

! 

Approx, 

A.F.A. 

1 permea- 
bility 

Approx. 1 
A.F.A. I 

com- 
pressive ! 
strength, 
lb. per 
sq. in. 

General use 

50 Bank sand 

50 Washed silica sand" 

1 Oil base , 

1 Dextrin base 1 
(dry bond) 

50 

200 

Small to medium 
castings requiring 
very smooth sur- 
faces 

100 Washed silica sand** 

1 Oil base 

IJ^ Dextrin 
base (green 
bond) 

150 1 

550 

Jacket cores and 
cores with thin sec- 
tions 

66 sharp sand 

34 Bank sand 

IJ^ Oil base 

85 

350 

' General runs of small 
cores 

37 Bank sand 

63 Burned core sand 

2 Pitch base 

40 

100 

Large body and hous- 
ing cores 

25 Bank sand 

63 Burned core sand 

12 Molding sand 

3 Dextrin base 
(dry bond) 

25 

325 

Side cores in contact 
with metal on one 
side only 


Sand Characteristics 


1 

Sand 

Grain shape 

Grain finenes.s 

Bank sand 

Subangular 

90 

Washed silica sand 

Rounded 

85 

Washed silica sand 

Roimded 

65 

Sharp sand I 

Angular 

55 

Molding sand ] 

Subangular 

270 


® Grain fineness, 85. 
^ Grain fineness, G5. 
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the bottom ot the melling pot tmd allowed to bubble gently up through, tke x&etaL 
These gases must be free from water vapor, hydrogen, or oxjgen 

If aohd fluxes are used, the required amount can be determined by spnnkhng a 
small quantity of the flux on the molten metal, stirring it into the dross, and con- 
tinumg to stir in small amounts until the dross becomes powdery and granular, in 
which state it can be readily removed with a perforated skimmer 

Gates and Risers — The gates and risers used m aluminum castings are much 
larger than those used m other nonferrous work As laid down by the Aluminum Co 
of America, castings should be gated and fed m such a w ay as to provide a sequence of 
solidification that ensures an adequate supply of molten metal to feed each section as 
it solidifies The solidification should start at pomts furthest removed from the 
gating area and proceed progressively to the risers which proi ide hquid metal to take 
care of the shrinkage 

Casting Defects — Of the vanous defects that may occur m sand castings of al jin>- 
num alloys, the three most frequent and important are (1) blowholes, porositj , anq 
general unsoundness, (2) hard inclusions, and (3) cracks Blowholes ore caused 
primarily by too high melting and pouring temperatures, and can be lar^sly prevented, 
but general unsoundness is more difficult to overcome As a aluminum-alloy 
sand castmgs tend to be unsound, and in practice it is necessary to make testa on 
inspection, m certain types of castmgs, for porosity and related defects 

The usual method employed for detcctmg general or local porosity in such castings 
as crankcases, oil pans, manifolds, etc , is the open test with a solution of methylene 
blue in gasoline In the teat, this liquid is pamted or smeared on the casting, and if 
the part is porous, the solution will seep through and show on the other side Air- 
pressure, water pressure, and steam -pressure tests are also apphed, particularly to 
hollow castmgs, for detectmg porosity and leaks Porous castmgs may he treated, 
1 e , the porosity closed, by several methods, of which the sodium siLcate method is 
the one most commonly employed In this, the castmgs are first soaked m concen- 
trated , 1 38 sp gr ) sodium silicate solution for an hour, then immersed for 

1 to 2 mm m dilute sulphunc acid (25 per cent), and then sashed m water The 
castmg 13 then dried at about 100®C for at least 1 hr Impregnation with timg oil is 
also practiced Porous castmgs may also be treated with bakehte[32] 

The occurrence of hard mclusions, i e , the so-called "hard spots” of foundry par- 
lance, in alummum-alloy castmgs is of interest and importance to founders and users 
of parts In some cases, the percentage of machine-shop returns, owmg to rejec- 
tions because of hard mclusions, may be high and be the cause of considerable loss 
Hard mclusions differ so widely m character that the term "hard spots” is only 
roughly descriptive, but hard spots are ordmanly defined as any kind of metallic 
or nonmetalhc mclusions that cause difficulty on machming or polishmg When a 
machme tool stnkes a hard mclusion, its edges are quickly dulled and rendered unfit 
for cuttmg All hard mclusions may be divided mto tn o classes, wz , (1) nonmetalhc 
inclusions and (2) metallic mclusions Under the former are mcluded all hard, 
foreign, nonmetallio particles, such os pieces of bnck or cement, chunks of crucibles, 
core sand and moldmg sand, and hard day, that may be charged with the meltmg 
stock Metallic hard mclusions are generally traceable to iron and are due to actual 
iron or steel, such as nads, core u ire, chaplets, or dulls, charged mto the furnace, or 
to the hard mtermetallio compound FeAlj caused by the dissolution of iron or hig h 
iron in the melt The subject of hard mclusions m alummum alloy castmgs has been 
discussed at length by the wnter[45I They can be practically entirely prevented by 
clean meltmg practice 

Cracks in alummum-alloy castings constitute the most serious defect encountered 
m foundmg, and if the average casting loss is taken as 10 per cent, the wasters because 
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of cracks amount to 2 per cent of the castings poured, or 20 per cent of the total 
defectives. The usual commercial aluminum alloys are subject to cracking when 
poured into molds, owing to their large contraction in volume on freezing and their 
hot-shortness, and, so long as complicated castings are made, cracks must be expected 
in production. Some of the principal factors affecting the occurrence of cracks are 
the composition of the alloy; the method of molding; and the design of the castings, 
particularly as to thick and thin sections in contiguity. In general, the less the con- 
traction in volume of the alloys, the less the cracking. The siHcon-bearing aluminum 
alloys are particularly good for casting, since they have little tendency to crack — 
their contraction in volume is relatively low as compared with the other alloys. 
The causes of, and methods for the prevention of, cracks have been discussed by the 
writer in another place [53], where detailed information w'^ill be found. 

Die Casting and Permanent-mold Casting. — Aluminum-alloy castings are made 
in large quantity by two other processes than sand casting, wz., by die casting and 
permanent-mold casting, but this subject does not appear to fall wdthin the scope of 
this book 

Forging, — Aluminum and its alloys crack and blister w^hen forged at too high a 
temperature. The maximum temperatures at w^hich forging should be carried on are 
as follows: 14S, 17S, 70S, 840°F.; 18S, 73S, 820°F.; A51S, 53S, 880°F.; 25S, 860"F.; 
32S, 800‘"F. The upsetter heat for 14S is 800 to 900°F. The upsetter heat for 32S is 
880 to 900°F. 

Heat-treatment. — Both wrought and cast aluminum alloys are heat-treated com- 
mercially, and a wide field has thus been opened. Worked aluminum -is annealed, 
as are the alloys, for the purpose of softening, and som^ cast alloys are annealed to 
release casting strains. Aluminum-alloy pistons are annealed to overcome growth 
and distortion. That alloys of the duralumin type are heat-treatable has been known 
since the investigations of Wilm in 1903, and the phenomena involved are common to 
many alloys. In a general waj^ the heat-treatability of aluminum alloys is due to 
the varying solubility of metallographic constituents with temperature, e.g., CuAlo 
in aluminum-copper alloys and duralumin and MgsSi in duralumin. When such 
alloys are heated to moderately high temperature, e.g,j 500°C., more of the constit- 
uents go into solution, and, ■when quenched, these constituents at first remain in 
solution but on standing precipitate out in particles of very high dispersion. Conse- 
quently, hardening and strengthening ensue. 

Worked aluminum and aluminum alloys are softened by simple anneal at 350 to 
500°C., depending upon the amount of reduction and the time period of anneal. 
Certain cast aluminum alloys, e.g.j 95:5 aluminum-copper alloy, are suitable for 
quenching heat-treatment, and this is now being employed somewhat in practice for 
enhancing the properties of sand castings. The strength of the rolled and annealed 
95:5 aluminum-copper alloy is increased from about 27,000 to 52,000 lb. per sq. in. 
by quenching and aging. When duralumin is quenched from about 500°C., it is soft 
and ductile, but on aging at the ordinary’’ temperature for a few days the hardness 
and strength increase markedly while the elongation falls off. The aging may be 
accelerated by heating at 100 to 200°C. for 1 to 5 hr. The heat-treatment of duralu- 
min has been discussed by a number of w^orkers, including Merica and his collabora- 
tors[33al, Hanson[35], Ilosenhain[56] et aZ., Konno[42], Knerr[48], and many others. 
The hardening and strengthening on heat-treatment are due to the precipitation of 
CuAlj and Mg 2 Si, In practice, heat-treatment is applied principally to w^orked 
duralumin, and the heating is carried out under careful pyrometric control in any 
suitable furnace. The quenching medium may be cold water, boiling w^ater, or oil. 
Parts may be heated for quenching in a salt bath, f.c., a mixture of potassium and 
sodium nitrates. Since quenched duralumin is soft, the material may be quenched 
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m water, then immediately worked to the required shape, and then allowed to age 
Zinc duralumin is heat-treatable, as is the 92 6 4 1 5 2 alummum-copper-magne- 
sium nickel alloy Heat-treated duralumins have been used very largely in aircraft 
construction, though more abroad than in the United States 

Soldenng and Weldmg — ^The soldermg of aluminum and alummum alloys has 
attracted a great deal of mterest on the part of laymen and many patents have been 
taken out for solders and soldenng fluxes purported to be smtable for joming alumi 
num and alummum alloy parts Most of these are entirely useless Aluminum 
parts can be soldered together fairly easily, provided the proper precautions are 
taken, but m all cases, irrespective of the solder employ ed, the jomt is not permanent 
and fails after a short tune on exposure to moisture or humid atmospheres Joints 
fail because all the metals used m solders are electronegative to alummum, and m 
the presence of wate- galvamc couples are formed, so that dismtegration takes place 
by electrolytic corrosion Soldering should never be done if the jouit is to be exposed 
to moisture or if it must withstand stresses Soldermg may be regarded as satisfac- 
tory if it IS desired simply “to stick parts together” and no permanence is required 
WTiiIe welding is the only method to be recommended for joining alummum and 
aluminum alloy parts where the joint is exposed to the weather or must be strong, 
still in practice it is often desired to solder, e ff , m repairmg slight defects m castings 
or m making small repairs on aluminum parts The essential features of soldenng 
and weldmg are discussed briefly below 

The limitations of soldermg aluminum and its alloys have been thoroughly dis- 
cussed[63] and soldermg should certainly have very bmited appbcation m alummum 
work, and it never should be used for the assembly of structures Alummum solders 
usually consist of low melting pomt alloys of zme, tm, and alummum, although many 
complex alloys have been suggested, contammg copper, lead, iron, bismuth, antimony, 
and other metals m addition The function of metals other than zmc, tm, and alumi 
num m a solder is not clear, and practically any other added metal is of no use if not 
harmful Most commercial alummum solders that are useful contain 40 to SO per 
cent tm, 10 to 50 per cent zmc, and 0 to 10 per cent alummum, and the melting range 
IS about 200 to SOO^C Their strength is 6,000 to 14 000 lb per sq m and elongation 
2 to 20 per cent A ductile solder is desirable, and the presence of copper or antimony , 
or excess of aluminum, which causes brittleness, is to be avoided Normally, the 
strength of soldered joints is not equal to the strength of the solder, and failure may 
occur through the solder and at the joint on breaking 

While various fluxes are recommended for soldenng these are unnecessary, and 
soldermg may be conveniently earned out as follows The surfaces to be soldered 
are carefully cleaned, with, a file or emery paper, and are then “tinned” or coated vath 
a layer of the solder by heatmg the surface and nibbmg the solder into it The joint 
between the “tmned” surfaces is then made m the ordmary way with a soldering iron 
and the solder In givmg the preliminary coat of “tm” to the surface, the solder may 
he rubbed in thoroughly with a wnre scratch brush Soldenng may also he carried 
out by first electroplatmg the surfaces, and the joint depends upon the firmness with 
which the elec trod epositcd metal adheres to the alummum Copper platmg is some- 
times used Where soldenng is done directly w itbout electroplating the effective- 
ness of the joint depends upon the adhesion between the aluminum and the imtial 
layer of solder 

As indicated, the applications of soldering to aluminum and its alloys arc limited 
Soldering should nex cr be used for structural assembly, but it is useful for makmg 
repairs on defective castings in the foiindry[63], < ^ , m filling up small holes, blows, 
draws, etc It shoud not be applied m build mg up large bosses or lugs, but la not 
dangerous for patching small defects that mar the appearance of an otherwise good 
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casting. The best solders are tin-zinc and tin-zinc-aluminum alloys ; in the former, the 
composition is 15 to 50 per cent zinc and the remainder tin, and in the latter the 
composition is 5 to 12 per cent aluminum, 8 to 15 per cent zinc, and the remainder 
tin. 

Autogenous welding by an oxygas method is employed extensively in the aluminum 
industry for making joints of substantially pure aluminum and aluminum alloys, for 
the assembly of structures, and for making repairs and salvaging castings. Aluminum 
sheet is welded in building up tanks and vessels for the chemical industry, and when 
sheets are joined, butt welding by the oxyacetylene or other oxygas process is suit- 
able except in very light gage sheet where the edges are lap- or flange-welded. The 
oxygas process of welding the hght aluminum alloys causes actual alloying of the parts 
to be joined and the welding material, and a fairly solid alloy can be obtained at the 
juncture if proper precautions are observed. In the assembly of structures, a number 
of methods, such as riveting, folding, sewing, doweling, and the like, have been 
replaced by welding. Autogenous welding consists in heating the two parts to be 
joined and then running liquid metal in at the juncture. In welding aluminum, it is 
useful to use an aluminum wire as the welding material, while for the light alloys a 
stick or rod of the same composition as the alloys is employed. In welding, the princi- 
pal difficulty encountered is the removal of the aluminum oxide from the surfaces to 
be joined and in practice this is accomplished by chemical (fluxes) or mechanical 
(puddling) means. Electric-resistance and electric-arc welding are used for aluminum 
and its alloys in addition to the oxygas process. Particularly has aircraft work made 
use of spot welding, but this is a subject for a book in itself. 

Many salts and mixtures of salts have been suggested for welding fluxes, but a 
flux that will dissolve aluminum oxide is required. The most suitable fluxes are mix- 
tures of alkali fluorides and chlorides as patented by Schoop[76]. A good flux for weld- 
ing consists of 0.124 lb. potassium carbonate, 0.33 lb. lithium fluoride, 2,53 lb. sodium 
chloride, and 3.0 lb. potassium chloride. While fluxes are generally used in welding 
aluminum, they are not favored in American practice for repairing castings, and in 
such work the aluminum oxide film is broken down mechanically by a puddling rod. 
Oxyhydrogen and oxyacetylene welding are done on both aluminum and its alloys, and 
the former is probably preferable. In welding aluminum sheet, e.g., building tanks, 
butt welding is suitable and a feeder of aluminum wire is used. The surfaces to be 
joined are heated, and the wire covered with flux is melted in the torch and run into 
place, being puddled down and smoothed off. Welding thin stock requires consider- 
able skill. 

The repair of aluminum-alloy castings is usually done by oxyacetylene welding, 
using no flux, with a welding stick of the same composition as the castings. For small 
welds, the casting should be preheated with the torch over a considerable area in the 
vicinity of the spot to be welded, but for large welds and even small welds on compli- 
cated castings it is best to heat the entire casting to 300 to 450 °C. in a preheater. 
The stock in the vicinity of the place to be welded is melted down with the torch, and 
the hole so made is filled with liquid alloy from the welding rod, also melted by the 
torch. The metal is then puddled and poked with an iron rod until a pool is formed 
which ensures thorough allojdng with the body of the casting. The operation should 
be conducted rapidly, and excess alloy is scraped off while still pasty. Large castings 
should be cooled slowly in the furnace or in hot ashes after welding to avoid cracking. 
Heat-treated duralumin parts arc welded in aircraft assemblies, and such welds should 
be heat-treated. 

Several extensive bibliographies on aluminum and aluminum alloys have been 
published, and following are a few selected references to some of the more important 
publications on the subject. These will serve as a guide to the literature. 
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CHAPTER II 


MAGNESIUM AND BERYLLIUM 

Br Donald M Liddell^ 

Introduction — Magnesium is the lightest metal of the alkali earth division of the 
second group and the hghtest metal employed for engmeenng purposes of construction 
Its specific gravity is 1 74 Magnesium n as Lttle used in the United States prior to 
1914, and its large scale production began in 191 5 'when German importa w ere shut off 
Its development durmg the present war has been one of the outstanding metallurgical 
developments of the period It is probable its use u as about sixty times as great in 
1943 as it was in 193S, say 390 000 000 lb as compared with 6,000 000 

Historical Survey — In 1808 Da-vy first made magnesium by the reduction of 
magnesium oxide with potassium vapor and also by the electrolysis of anhydrous 
magnesium chloride, but the metal obtamed was very impure In 1830, Busay 
made magnesium by reduction of anhydrous magnesium chloride with potassium, and 
in 1852 Bunsen prepared it by electrolysis of the anhydrous chloride in a porcelain 
crucible, usmg a carbon anode and cathode In 1856, Matthiessen produced the 
metal by electrolysis of a liquid (fused) mixture of magnesium chloride and potassium 
chloride (4 3} plus a httle ammonium chloride The first industrial production was 
undertaken m France by Deville and Caron in 1863 Their process entailed reduction 
of a mixture of anhydrous magnesium chloride and calcium fluoride by metallic 
sodium usmg closed iron crucibles as the containmg vessels Demlle showed also 
at this time that magnesium could be distilled in an atmosphere of hydrogen, and he 
prepared very pure metal by this process 

Later, Sonstadt introduced improvements in the Deville Caron process, whereby 
the metal was made by reduction of a mixture of magnesium chloride and sodium 
chloride with sodium in iron retorts, followed by distillation of the resulting impure 
metal In 1885, von Puttner produced magnesium by a process closely resembling 
zme retorting In the process, a magnesium mineral (e g , magnesite) is first converted 
to the oxide, and this is reduced by carbon in heated retorts, the reduced magnesium 
distillmg and bemg condensed A number of patents tv ere taken out after 1880 for 
processes specifying electrolysis of magnesium salts, both aqueous and fused and for 
the reduction of magnesium compounds to metal by carbon, alummum, etc , but these 
cannot be considered here In the ordinary electrolj tie process, tv hich was developed 
in Germany and which supplanted Sonstadt’s method, an anhydrous fused electrolyte 
havmg the composition MgCU KCl NaCl (or other mixture of the three chlorides) 
13 electrolyzed in non cells using carbon anodes, the iron of the cells forming the 
cathode In this process, the magnesium is dissociated by the current, floats on top 
of the bath, and is ladled off This was the principal process employed in Germany 
pnor to the war, and the same process or a modification thereof is still employed 
by several producers The first production m the United States was apparently bj a 
company that existed m Boston from 1865-1892 and which used the Sonstadt method, 
but it TV as a small production chiefly for flashlight purposes The first production on 
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a large scale in the United States was probably by Cunniff Bros, (the Rumford Metal 
Co.), at Rumford Fails, Me., in 1914-1915, using electrolysis of the fused chloride. 

In the interval between the First and Second World Wars a process was developed 
for the electrolysis of magnesium oxide dissolved in a fluoride bath (strictly analogous 
to the Hall-H4roult process for the production of aluminum), and this period also was 
marked by the rise of processes depending on the reduction of magnesium oxide by 
carbon, by carbides, silicides, and aluminum; these new processes will be described 
in some detail further on. 

Magnesium Sources, Ores and Minerals. — The ores, or raw materials, for the 
production of magnesium are extremely widely distributed, and magnesium is the 
fifth most abundant metal in the earth, following silicon, aluminum, iron, and calcium 
in the order named. Magnesium constitutes 2.24 per cent of the earth^s crust (Clarke) . 
Unlike aluminum-mineral deposits, which are found only fairly frequently in suitable 
composition and tonnage for the production of aluminum by electrolytic processes, 
magnesium deposits, notably magnesite and dolomite, occur in large amounts, widely 
distributed, and of suitable quality for magnesium production. Magnesium salts, 
notably the chloride, double chlorides, and sulphate, are found in salt beds and are 
constituents of saline springs, salt lakes, and the ocean. 

Magnesium is never found native. Table 1 shows the chief sources of magnesium. 

Table 1. — Magnesium Content of Various Sources of the Metal 


Mineral 

Composition 

Approximate per 
cent magnesium 

Dolomite 

^TgCOs-CftCOs 
3Mg.2Si0..2H20 
(Mg, Fe)2SiOi 

MgCOa 

Mg(OH)2 

3MgC03.Mg(0H)j.3Hs0 

MgSO^.HjO 

MgSO4.KCl.3H2O 

MgCl2.KCl.6H2O 

2MgS04.K2S04 

MgAl 204 

H2Mg3Si40 12 

H4Mg3Si20s 

13 

Serpentine 

25 

Olivine 

28 

Magnesite 

28 

Brucite 

41 

Hydromagnesite 

26 

Kieserite 

14 

Kainite 

9 

Carnallite 

8.7 

Langbeinite 

11 

Spinel 

17 

Talc 

20.7-26.9 

Serpentine 

26 

Sea water 

.13 

Brines 


Variable 




In igneous rocks, magnesium is represented by amphiboles, micas, pyroxenes, and 
olivine. Talc, chlorite, and serpentine are common magnesium silicates, and dolomite 
is frequently found in enormous mountain masses. Magnesite is mined in Australia, 
Austria, Hungarj^ Czechoslovakia, British India, Canada, Greece, Italy, Spain, 
South Africa, and in the Pacific coast states of California and Washington. Dolomite 
is mined in California, Colorado, Illinois, Ohio, Pennsylvania, and West Virginia, and 
various foreign countries. The sulphate (MgSO^-THsO) is one of the principal saline 
constituents of many springs. There is a peculiar deposit of pure magnesium sulphate 
at Basque, B. C., and this salt is obtained commercially from a dry-lake deposit near 
Oroville, Wash., and from the bitterns of certain California salt works. Massive 
magnesium fluoride is mined in Italy. 
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In oceanic salts, magnesium chloride makes up about 1 1 per cent of the total salt 
content, and oceanic v> ater contains about one-eighth per cent magnesium, so that at 
100 per cent recovery, it would require about 200,000 gal of sea water to produce 
1 ton of metallic magnesium. Magnesjum-beanng bitterns are found at San Mateo, 
Cahf , Syracuse, N Y , Pomeroy, Ohio , Hartford, W Va , in the Saginaw Valley of 
Michigan, notably at Midland, m Colombia, m Germany; and elsewhere. The 
magnesium content of some inland salt lakes is high, notably Great Salt Lake, Utah, 
which contams 0 56 per cent magnesium Houghton Lake, at Dana, Saskatchew an, is 
underlam by a 1 ft thick lajer of salts, chiefly magnesium sulphate and sodium 
sulphate ITie principal and most famous salt-bed deposits contaming magnesium 
mmerals are the great Stassfurt salt beds in Germany (Magdeburg-Halberstadt 
region) The principal magnesium-bearing minerals of these beds are camallite, 
MgCli KCl 6H,0, bischofite, MgClj 6HjO, and tachydrltc, 2Mgaj CaCL 12H,0 
Magnesium bearing salt beds “iho occur in Spam, Alsace, and the United States 
While minerals and ores of magnesium are abundant, in practice raw materials for 
production of the metal are obtained from only a few sources These are anhydrous 
Bodium-magnesmm chloride, left after extraction of salt and bromine from bnnes at 
Midland and Ludmgton, Mich , carnallite from Stassfurt, magnesite (notably from 
Cahfornia) , and magnesium carbonate, precipitated from dolomite, and some experi- 
mental production from olivme Magnesium is made from magnesium oxide obtained 
from sea water m the United States, Great Britam, Italy, and Japan Magnesium 
chloride is a by product of the preparation of potassium salts m Germany and in New 
Mexico and can be made very cheaply The magnesium content of magnesite as 
mined averages 25 per cent and that of carnaUite 8 per cent 

Production of Magnesium. — hlany processes for the production of magnesium 
have been patented, suggested, or actually used commercially. All these cannot be 
taken up here, but the following type processes may be mentioned* (1) reduction of 
magnesium compounds bj a metal, e g , reduction of anh> drous fused magnesium 
chloride with sodium, or of magnesium oxide with, aluminum, (2) reduction of mag- 
nesium oxide by carbon, followed by sublimation and condensation of the metal, (3) 
reduction by ferrosilicon or related compounds, (4) electrolysis of anhydrous mag- 
nesium chloride or a mixture of magnesium chlonde and another chloride (sodium or 
potassium chlonde, or both) m the fused condition, (5) electrolysis of magnesium 
oxide dissolved in a suitable fused bath, e g , m magnesium fluonde, m a manner 
similar to the Hall-H&oult alummum process, (6) electrolysis of aqueous solutions of 
magnesium salts, (7) electrolysis of magnesium sulphide m a suitable fused bath 
The first process, i e , reduction of magnesium chloride by sodium, has been nsed 
commercially, but it is out of the question for commercial production now, involving 
as it does the use of electrolytic sodium The second process, involving carbon reduc- 
tion, forms the basis of important plants produemg about 4 per cent of the United 
States production[7I ' The ferrosilicon reduction process is used by the Ford Motor 
Co in Michigan, Magnesium Reduction Co , Luckey, Ohio (National Lead subsidiary), 
the Permanente Metals Corp in California, and the New England Lime Co m Con- 
necticut[40], and will be used by the Electro Metallurgical Corp and the American 
Metal Co and is apparently produemg about 24 per cent of the United States produc- 
tionl571 The fourth process, i e , electrolysis of fused salt mixtures high m anhydrous 
magnesium chlonde, is largely employed at the present tune, and this process is used 
by the Dow Chemical Co and others to produce about 72 per cent of the United 
States production [57], by the Chemische Fabrik Greisheim-Elektron, and by the 
Magnesium Co m Fngland Tlie Malhieson Alkali Works plant at Lake Charles, 
La , and the Union Potash plant at Austin, Tex , will work on electrolytic methods, as 
1 References sre to bibUogrsphy st the emt of the chapter 
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will that of the Diamond Alkali Co. at Painesville, Ohio[36]. The fifth process is 
analogous to the aluminum-reduction process and was developed and employed by 
the American Magnesium Corp., but apparently is not used- at pt-esent. The ^ixth 
process is technically unsound because of the high electrolytic-solution pressure of 
the metal (En = +1.55 volts). The seventh process appears feasible but has not 
been used commercially. 

The earlier methods for the production of magnesium have been described in pub- 
lished papers by Tucker and Jouard[2], Grosvenor[4], Phalen[10], Flusin[14], Allen [18], 
Boynton and his coworkers [19], Fedotieff[21], Miyake and Butts[281, Harvey[30], 
and others, and in many patents, e.gr., those of Ashcroft, Seward, Backer, and 
Harvey. 

Magnesium Oxide from Sea Water-^-The Dow Chemical Co.'s Texas plant was 
probably the first to use this process. The sea water is treated after sedimentation 
with hydrated lime made from calcined oyster shells, and the suspension is sent to 
Dorr thickeners, whence it goes to filters, for the production of a magnesium hydroxide 
cake. It would appear that a preliminary treatment with calcium hydroxide equiva- 
lent to the amount of iron and alumina in the water would be advisable if the mag- 
nesium hydroxide is to be used for the production of anhydrous magnesium chloride. 
It was reported to the author that Montecatini in Italy certainly gave such a pre- 
liminary treatment. In the Dow process, the magnesium hydroxide is then dissolved 
in hydrochloric acid for the production of magnesium chloride. 

If the magnesium hydroxide is to be used for the preparation of magnesium oxide 
to be reduced by ferrosilicon or carbon, the use of dolomitic lime is preferable to the 
lime from oyster shells as the precipitant, since this gives an additional amount of 
magnesium hydroxide at a low cost, and the impurities introduced by the dolomite 
would have no adverse effect on the process (H. H. Chesny process of preparing mag- 
nesium hydroxide). For these reductions, the magnesium hydroxide is dried and 
calcined at 900 to 1100°C. 

In the preparation of magnesium oxide from dolomite, it is important to remember 
that calcium oxide reacts with magnesium chloride to form magnesium oxide and 
calcium chloride, and that calcium is precipitated by sodium carbonate in the presence 
of magnesium chloride without precipitating the magnesium. 

Carbon Reduction Process. — This process, usually known as the Hansgirg process, 
has been described by Paul D. V. Manning [44] and by T. A. Dungan[58]. It was 
developed in Austria several years ago by Franz Hansgirg, and a small plant was 
operated until an explosion destroyed the enterprise. A similar installation, on a 
larger scale, was made first in England by two of Dr. Hansgirg's associates and later 
in Korea by Dr. Hansgirg himself. In 1941, the Permanente Metals Co. at Per- 
manentc, near Los Altos, Calif., built, under the supervision of Dr. Hansgirg, a plant 
for the production of magnesium metal, which utilized a modification of the original 
process. (This plant is sometimes referred to in the literature of the metal as the 
Todd- California Shipbuilding plant.) 

Magnesium oxide, produced as pure as possible, is mixed with carbon such as a 
petroleum coke. This mixture, made into briquettes with a hydrocarbon binder, is 
^ then charged continuously into an electric furnace, the magnesium oxide reacting 
wth carbon to produce carbon monoxide and magnesium metal. The reaction is 
reversible, f.c., the reaction tends to reverse so that carbon monoxide and magnesium 
produce magnesium oxide and carbon. The reaction goes in favor of producing 
magnesium metal at a temperature above 2000°C. Magnesium boils under atmos- 
pheric pressure at 1107®C. The equilibrium point of the reaction is reached at 
atmospheric pressure and stoichiometric proportions at about 1850°C. The essential 
point in this process is, therefore, the removal of the magnesium before it can react 
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with the catbon monoxide to (otm carbon and magaesiutn oxide, the process bemg 
earned on at about 2200*0 

In the original Hansgirg plant, built in Austna m 1929, this was accomplished by 
mixing the magnesium vapor and carbon monoxide, aa it leh the electric furnace, with 
a large quantitj of refrigerated hydrogen gas This accomplished what is termed 
“shock cooling” of the ^apor, and the magnesium metal condensed as an impalpable 
powder Some impurities were earned over with the vapor, and smee the melting 
of a metallic powder of this fineness is extremelj difficult the next step was to form 
the powder into small bnquettes or pellets and charge them into a retort, from %\htcb 
the metal was distilled under a high ^'acuum, to be condensed as pure crystalUied 
magnesium 



•ttsM 

S'lo 1 — Flow sheet, Carbotherime process (CeurlMy of A 1 M B) 

The reaction at Permanente is carried on in a graphite crucible which at its thin- 
nest part ttbc junction w ith the rooVj is 4 m thick The rool is composed of keyed 
carbon blocks 18 m thick The crucible is surrounded by an average thickness of 
about 4 ft of fine gas carbon for insulation, and the entire assembly is inside a pressure- 
tight steel shell IG ft m diameter and 16 ft high [58] 

The electrodes are 20 in in diameter, of machuied graphite, and they enter through 
three holes in the roof 120 deg apart, and each electrode is on an angle of 11 deg 
with the \ertical The stuffing boxes through w hich these electrodes enter the crucible 
represent one of the greatest engineering problems m connection w ith the process 
Tlie carbon monoxide and magnesium escape from the crucible through a 10 in 
diameter hole about 8 m above the coke bed w here they enter the shock-chilling cone, 
from which the mixture of these gases with the refngerated natural gas goes through 
a drum 15 ft in diameter and 34 ft long About 20 per cent of the magnesium settles 
in this drum, and the remainder goes through bag filters The amount of refrigerated 
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gas is so proportioned as to maintain a temperature of not over 250® C. in the drum. 
Between the drum and bag filters is a heat exchanger which cools the gas to 80®C. to 
protect the filters. The filter dust contains approximately 50 per cent magnesium, 
20 per cent carbon, and 30 per cent MgO. 

This dust is mixed with an asphalt residue in cleaning solvent or kerosene, and the 
paste is extruded into the sublimation retorts, where the solvent is first distilled and 
the asphalt coked to form a nondusting mixture. 

The sublimation retorts are vertical cylindrical vessels 56 in. in diameter by 22 ft. 
high. The upper 8 ft. is the condenser, and there is a heat dam between the sublima- 
tion and the condensing portion of the retort. The sublimation is performed under a 
pressure of about 3 mm. of mercury at a temperature of about 800°C. The retort is 
heated by Nichrome resistance heaters, and there must be a vacuum outside the 
retorts as well as within to prevent the collapse of the retorts during the distillation. 

Metallic magnesium resulting from the shock-cooling part of the process is 
extremely pyrophoric; upon exposure to air, it will instantly catch fire. Therefore, it 
is necessary to store the powder and handle it under an inert atmosphere such as 
hydrogen or methane. The handling of the vapor and of this highly inflammable 
magnesium powder are the sources of the principal hazards and troubles that have 
dogged this process since its development. Numerous fires have occurred in plants 
using the process, and the Austrian plant finally blew up and was completely destroyed, 
as before indicated. In the modification of the Hansgirg process in use at Perma- 
nente, shock cooling is not accomplished by the use of refrigerated hydrogen but by 
natural gas. After the removal of the magnesium dust from the resulting mixture of 
natural gas and carbon monoxide from the cooler, it passes into cement kilns where it is 
used as a fuel. 

Considerable difficulty has been experienced in this process, owing primarily to 
the necessity of working under gastight conditions and also because of the high temper- 
atures required in operation [44]. 

Important work on the carbon reduction of magnesia has also been done by H. A. 
Doerner. His experiments with a small-scale plant are detailed in Chemical and 
Metallurgical Engineering, August, 1942. 

The cycle of cooling gas purification, if hydrogen is used, is ingenious, but unfor- 
tunately the details cannot be published. 

Carbide and Allied Reduction Processes. — Apart from the direct reduction of 
magnesium oxide by carbon, magnesium oxide can also be reduced by calcium carbide, 
silicon carbide, silicon, aluminum, and various silicides, such as those of calcium, 
aluminum, and iron. At least experimentally, the reduction with calcium carbide 
and with calcium silicide have been carried on in Italy and Germany. 

However, they are all of minor importance, except for the ferrosilicon reduction 
(Pidgeon process) and the use of finely divided aluminum of poor quality to produce 
first-class magnesium. 

The magnesium reduction with calcium carbide is said to be most advantageously 
carried on as a two-stage process. The magnesium oxide is mixed with an excess of 
calcium carbide over that necessary to effect reduction and the mixture heated for 
some time at 1050 to 1150®C, The residue from this operation is mixed with addi- 
tional magnesium oxide up to the theoretical quantity and there redistilled to produce 
additional metal. 

Ferrosilicon Process. — Practice of the ferrosilicon reduction process as carried 
out by the Ford Motor Co. has been described by Paul D. V. Manning [44]. Dolomite 
is calcined to produce ‘‘dolime’^ and is ground to a powder with crushed 75 per cent 
ferrosilicon mixed with a binder. The proportion of dolomite to ferrosilicon is between 
five and six parts to one. The mixture is then briquetted. 
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Finjshwl bnquettes are charged into horizontal retorts, 10 m in diameter and 
22 ft long, made of chrome-nickel steel, set in multiple m a furnace After chargmg 
each retort, the condenser co%er is put in place A high-vacuutn pump is started 
to maintain the charge m the retort under as high a racuiim as possible, and the heat 
u turned on around the retort This heat causes the reaction to take place between 
the ferrosdicon and the calcined dolomite Magnesium vapor is liberated and is 
deposited on a condenser head nhich extends into the end of the retort and nbich is 
cooled bi water pissing through its inner chamber The magnesium metal is depos 
ited on slccxcs at the end of the retort Approximatelj eight hours is required for 
the completion of the reaction and about 70 lb of magnesium per retort should result 
Vrrording to the Nalioml Ilesearch Co of Boston it is possible to operate large 
retorts on pressures as low as 0 001 to Q Q2o mm of mercury 

Contaminated alum num scrap can be used to good adiantage in this process 
after powdeniig it to replace the Jkjw dered ferrosihcon m part, and there seems to be 
no reason whj the complete substitution of powdered or granulated aluminum for the 
ferrosihcon could not be carried out British patents 405097 and 487836 cover the 
reilurtion of dolomite with silicon or ferrosihcon 

liftorii — ^The greatest lUncultj m tl c ferrosdicon process has been w ilh the 
retort«[(>l, 621 \nriaus allojs were tried, of which the best were 35 per cent nickel, 
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15 per cent chromium 2S per cent chromium 20 per cent nickel 28 per cent chromium 
15 per cent nickel and 2o per cent cliromium 12 per cent nickel All these seem to 
stand atmospheric corrosion at the operating temperaliirc {2150*F), but none was 
completely satisfactory In general, the high-chromium allojs were superior to the 
liigh nickel 

The first retorts were 10 in outsute diameter and % in wall thickness, w hich was 
later increased to IJg in wall thickness, but c\cn then the retorts collipseil from 
cxtirnsl pressure It was found that at the tempersture of operation the retorts 
could be blown up to their original dimensions at an air pressure of about 90 lb left 
on for a period of two or more hours It exentualij became the routine procedure to 
blow the retorts up excr> 20 days or so A retort that sumxcd a full year of pilot- 
plant Sen ICC bad the following composition C, 0.33 per cent Mn, 0 £9 per cent. Si, 
I 01 per cent Cr, 20 99 per rent, ^l, 15 14 per cent, P, 0 02 per cent S, 0 022 per cent 
Tlio actual results show that a somewhat longer average life appears to result from 
static casting thin from ccntnfugal casting 

One of the pro! Icms of thus process w Inch has not j ct been solved is the selection 
of thclicst and most economical type of retort tor cITcctiie reduction, the tempera- 
ture must be msmtamnl within a narrow range onli slighfl} below the softening 
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point of the chromium-nickel-steel alloys used in the retorts. The rate of collapse 
of the tubes in the first plants was higher than expected. The wall thickness of the 
retorts was increased in early 1943 to in. from % in. and with this change a longer 
life was attained. As possible substitutes for cast-alloy retorts, two other types are 
being tried, one with alloy sheet wrapped and welded around a mild steel tube, the 
other with a layer of chromium-nickel weld metal laid on a similar steel tube. Ford 
is said to have changed to plain steel retorts immersed in molten glass[40]. 

The ferrosilicon process is often called the Pidgeon process, after Dr. L. M. Pidgeon. 
Experimentation with 85 per cent ferrosilicon did not prove to have sufficient addi- 
tional value to justify its use, and the 75 per cent grade is being used. About 1.1 lb. 
is used per pound of magnesium produced[35]. 



Fig. 3. — Full-length view after initial collapse. {Courtesy of Foley and 5e5ashanl62l.) 


Magnesium Chloride Process. — The older magnesium chloride process for the 
production of metallic magnesium involves three steps, viz,, (1) preparation of anhy- 
drous magnesium chloride as such or ‘in admixture with alkali chlorides; (2) elec- 
trolj'sis of the magnesium chloride in a cell at low voltage; and (3) purification of the 
resulting metal. In employing hydrous magnesium chloride as the ’raw material, the 
water must first be removed, and it should be stated at the outset that the anhydrous 
salt cannot be produced* directly bj^ heating the hydrous material. 

AVhen aqueous solutions of magnesium chloride are evaporated and crystallized, 
the salt obtained is MgCU 6H2O. If this salt is heated, it melts in its water of erj^s- 
tallization, and the reaction 


MgClo.GH.O MgO + 2HC1 + 5H2O 

takes place, so that the final product is magnesium oxide. The complete dehydration 
of hydrous magnesium chloride has been made the subject of many patents, and the 
usual methods employed entail heating the crystallized ]\IgCl2.6H20 in admixture 
with alkali chlorides or in a current of chlorine or hydrochloric acid gas. Thus, in a 
process of the Dow Chemical Co., the hydrous chloride is first heatedflO] at low tem- 
perature in admixture with 25 per cent sodium chloride plus a small amount of 
ammonium chloride, whereby about 50 per cent of the water is driven off. The partly 
dried mix is then cooled and reheated at higher temperature until the remaining water 
is removed. In the process of the IMagnesium Co., the hydrous chloride is heated[80] 
for several hours at 150®C. in dry air; part of the water is driven off, yielding a product 
of the composition 73 per cent MgCh, 4 per cent MgO, and 23 per cent H2O. This 
material is then reheated in a current of hydrochloric acid gas at 300°C., whereby the 
remaining water is removed, the magnesia converted to magnesium chlonde, and a 
product containing 99 -f- per cent magnesium chloride obtained. Recovery of chlo- 
rine is made in the Dow process and of hydrochloric acid in the process of the Mag- 
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nesram Co In aU processes dev'ised foi the productwa of anhydrous magnesium 
chloride, the object in view is to prevent com ersion of the chlonde to oxide on heating 
A process originally developed m Germany and later modified and used m England 
utilizes the electrolysis of magnesium chloride in a somewhat different way In this 
process, it is necessary that the magnesium chloride be absolutely anhydrous, and it is 
produced by reacting calcined magnesite with carbon monoxide and chlonne to 
form magnesium chloride and carbon dioxide In carrying out this process, the cal- 
cined magnesite is ground to a fine powder and mixed with lime and magnesium 
chlonde together with fine coal and gome peat moss to make the mass porous The 
mixture is then briquetted or else pelletized in a rotary kiln and fed into the top of a 
vertical chlorination furnace The Ion er part of each furnace or tower is packed with 
coke or other carbonaceous material so that when the mass is heated and chlonne is 
passed in the above reaction takes place hlagnesium chlonde runs from the bottom 
of the furnace as a molten anhydrous hquid This process is essentially the one that 
has been installed in Nevada by Basic Jlagneaium, Inc 144], controlled by the Ana 
conda Copper Mining Co 

After preparmg anhydrous magnesium chloride or a suitable mixture of this salt 
•with alkali chlorides, the material is electrolyzed at 675 to ?25®C in a suitable cell 
Although the decomposition voltage of magnesium chloride is only 3 25 volts, about 
5 to 8 volts are required in practice, and the current consumption is 12 to 14 kw -hr 
per Ib of metal produced In the process, anhydrous magnesium chloride is added 
to the bath from tune to time as electrolysis proceeds in order to keep the bath within 
the required working hmits of composition Where renew al of the magnesium chlo- 
ride 13 not made, a batch process results, and it is preferable to make the operation 
continuous Various types of cells are employed In a single-stage operation the 
cell 13 a cj Imdrical or rectangular iron box having carbon anodes, the iron of the cell 
serving as the cathode In some cells, a cathode of steel may be suspended in the 
bath The cell is heated externally m starting the process, but after eleetro!3'Bi3 begins 
no further external heatmg is necessary, since the imposed current serves both for 
electrolytic dissociation of the salt and for maintaining the temperature of the bath, 
although it has been rumored that I G Farben starts with cold cells, bringing them 
up to working temperature entirely by the use of electric current heating During 
electroljsis the metal collects at the surface of the cathode m the form of small 
globules, these gradually grow larger with further deposition of metal and finally 
detach from the electrode, rising to the surface, where they float The chlonne is lib- 
erated at the anode and is aw ept out of the cell and recovered The magnesium is 
ladled out of the cell from time to time and cast mto crude ingots, or is ladled directly 
into iron pots for punf j mg The metal is fluxed in. the pots with fused sodium magne- 
sium chlonde and cast mto ingots or sticks A small ceU taking a 100-lb charge yields 
26 to 28 lb of metal per 24 hr Figure 4 shows a form of cell in which a porcelain hood 
IS placed m the bath to keep the floating magnesium from contact with the anodically 
separated chlorme In this cell, nitrogen or carbon dioxide is used to sweep out any 
chlorme that may penetrate to the cathode compartment The chlonne from the 
anode is aspirated through the pipe shown and recovered 

The Magnesium Co , of Wolverhampton, England, employedllS] a two-stage 
process m order to avoid the use of a diaphragm or partitioned cell The cell was of 
cast steel with a firebrick lining, fitted with a gastight cover carrying graphite anodes 
and means for outlet of the chlorme The cell was charged mth liquid lead for the 
cathode, and this was covered with the electrolyte into which the anodes dip Means 
were provided for circulatmg both the bath and the lead cathode The cell had a 
capacity of 5000 amp at a current density of 1500 amp persq ft with a voltage drop 
of 5 at the terminals The cell was self heating and produced about 100 lb of mag- 
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nesium per 24 hr. as a lead-magnesium alloy, with current efficienc}’' of 85 per cent. 
The first operation was the electrolysis of the magnesium chloride electrolyte so as to 
produce a magnesium-lead alloy at the cathode, and in the second stage this alloy 
acted as the anode in another cell and the cathode consisted of a large number of steel 
rods immersed in the magnesium chloride electrolyte. The second cell was operated 
in series with the first at 5000 amp. and a voltage of 2. The total energy consumption 
was said to have been 8.5 kw.-hr, per lb. of magnesium produced, which seems low. 
The chlorine was aspirated from the cells to scrubbing towers and absorbed in milk 
of magnesia with the formation of magnesium chloride and chlorate, with subsequent 
recovery of the chlorate as KCIO3; the magnesium chloride was returned to the 
process. 

Mathieson Alkali and Consolidated Mining & Smelting Co. of Canada are said 
to have worked out a cell that will operate even if the magnesium chloride contains 
20 per cent of water[57], the effluent gas being, it is said, almost pure chlorine. 



Fio. 4. — Cell for magnesium production fr'un magnesium chloride. (Jiideal,') 

In a patent by Iwahashi and Kishimoto[6], an alternating current of suitable 
current density is passed into magnesium chloride in a cell using graphite, or carbon 
as anode and iron as cathode; the water in the chloride is evaporated, and the salt 
said to be fused without decomposition; after the fused salt ceases to bubble, it is 
electrolyzed by direct current. 

Magnesium Oxide Process. — A process for the production of magnesium that is 
analogous to the Hall-H4roult process for the reduction of aluminum was patented 
by Seward[71 and by Harvey[8] and was used by the American Magnesium Corp. 
In this process, substantially pure magnesia, MgO, was dissolved in a liquid (fused) 
electrolyte, consisting of about equal parts of magnesium fluoride and barium fluoride 
plus sufficient sodium fluoride to give the required fluidity, and electrolyzed. The 
magnesia was prepared by the calcination of magnesite obtained from the Pacific coast 
and shipped to the works at Niagara Falls, N. Y. (In an older patent by Seward 
and von Kugclgen[9], a process was disclosed for the production of aluminum mag- 
nesium alloys by electrolyzing magnesium oxide dissolved in magnesium fluoride 
plus lithium fluoride, using liquid aluminum as the cathode.) The magnesium-oxide 
process is discussed by Han^ey[30]. 

The cell or furnace used in the magnesium oxide process may be conveniently 
described by reference to Figs. 5 and 6. The former shows a transverse section of the 
furnace, and the latter is a plan. In the figures, 1 is a wrought-iron vessel supported 
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on blocks 2, aod 3 represents ♦he solidified portion of the bath 4 The cathodes are 
represented bj 5, which consist oi iron or steel castings extending longitudinallj 
thiovigh the furnace and projecting through apertures 6 m the bottom A Ia>er of 
asbestos 20 is placed beta cen the cathodes and the furnace shell The anodes are 
shown at 9, and these are of g aphite or carbon, suspended m the bath A lajer of 



Fro 5 — Magnesium reduction furnace (Seuard ) 

magnesium oxide 10 is maintained on top of the bath as a source of raw material 
Cooling pipes 11 are arranged between the cathodes and anodes so as to i.ause solidifi 
cation of a portion of the bath to form 'vertical partitions of insulating material 
Hoods or collecting chambers are shovni at 12 recercing the liquid magncsinm ■whicl* 
ascends from the cathodes, these chambers ore made of cast or sheet-metal casings 13 
placed near the surface of the bath and suitably cooled Thev are show n as supported 



Fig 6 — Plan of magnesium reduction furnace (Seward ) 


ftottv the upper edges of the side walls of the furnace shell 1 The inner wall 14 of each 
hood 13 situated sufficiently close to the cooling pipes 11 so that the mass of sohdified 
salts extends to the wall 14 and seals the space between the wall and the pipes The 
liquid metal collected m the hoods or chambers may be draw n o5 continuously or 
tapped intermittently from tapholcs 16 The cathodes 5 are formed with shoulders 
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17 for receiving the weight of the furnace, and have fiat bottoms 18 which rest oh flat . 
copper bus bars 19. The anodes are carried by rods 21 and fastened to bus bars 22. 
In operation of the process, the bath is maintained at about 950"'C. and its specific 
gravity at about 3.2. The magnesium oxide is added to the bath around the anodes at 
frequent intervals. The current may be 9000 to 13,000 amp. at an e.m.f. of 9 to 16 
volts. The average current efficiency may be taken as 50 per cent with a power 
efficiency of 40 per cent. The dissociated oxygen burns at the carbon anodes; the 
magnesium is liberated at the cathodes and rises into the collecting chambers from 
which it is removed. The metal was refined by remelting with a flux, and specially 
pure metal was prepared by volatilizing the crude magnesium and condensing it.^ 

Magnesium oxide is only slightly soluble in the fluoride bath — ^in which respect it 
differs considerably from aluminum oxide— the solubility being only about 0.1 per cent. 
Strictly speaking, therefore, the process is probably not a direct electrolysis of the 
oxide. It has been suggested that the mechanism is as follows: 

]V[gF2 = Mg “b Fs 

, MgO + F2 = MgFc + O 

C + O = CO 

Commercial Forms of Magnesium. — Substantially pure magnesium is supplied 
to the trade in the form of sticks, ingots, blocks, rods, bars, tubes, sheets, plate, 
extrusions, wire, powder, foil, and ribbon. Powder is made 40 to 200 mesh, depending 
upon requirements. For deoxidizing, the metal is furnished as sticks or in the form 
of extruded ingot with diameter of about 134 1^- Flashlight powder usually runs 
100 to 150 mesh, while powder for signal lights in marine and military work is usually 
50 mesh. Sheet and plate are available in almost any thickness, while rod is produced 
from to 134 in. Tubing is made up to 134 in. outside diameter, and wire is fur- 
nished from No, 36 to No. 00 B. & S. gauge. Ribbon is usually made 34 in. wide by 
0.006 in. thick. Sand and permanent-mold castings are made in both magnesium 
and its light alloys. 

The Nicol process for the production of magnesium powder is to atomize the 
molten metal by a high-velocity stream of nitrogen. Table 4, page 60, gives a num- 
])er of the commonest alloys, as well as the specifications for Grades A, B, and C. 

Chemical Properties of Magnesium. — The impurities in magnesium may be 
divided into two classes, wz., metallic and nonmetallic. The former include aluminum, 
barium, calcium, copper, iron, silicon, sodium, and potassium. The nonmetallic 
impurities are usually salts of magnesium such as the oxide and chloride, and chlorides 
of calcium, potassium, and sodium, as well as occluded bath material and carbon. 
The bulk of tlie nonmetallic impurities may be eliminated by a remelting operation. 

Pure magnesium (99.99+ per cent) is a silvery-white metal. It consists of three 
isotopes of masses 24, 25, and 26, in the relative amounts of 7:1:1, yielding a mean 
atomic weight of 24.336, as compared with the chemical value of 24.32. Magnesium 
is a basic element and forms salts with mineral and many organic acids. The metal 
docs not oxidize in dry air, but when exposed to moist air it loses its silvery luster 
and becomes coated with a film of the oxide and possibly carbonate (and hydroxide). 

* Ono of the problems of this process is to produce a pure magnesium oxide, since the electrolyte 
will be contaminated by the progressive building up of any impurities in the added MgO. C. E. 
Dolbcar claims a cyclic process for the production of the pure oxide, based on (1) boiling impure mag- 
nosivun oxide ^Yith ammonium sulphate, the magnesia going into solution; (2) passing the liberated 
ammonia into cold pure magnesium sulphate solution. 

MgO -h (NHOtSOi + aq, « MgSO< + 2NH, + aq. (hot) 

MgSOi 4- 2NH» 4- aq, = Mg(OH)? 4- (NHiltSO^ 4- ag. (cold) 

The reaction is sa5<l to be applicable to magnesium carbonate also. 
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Magnesium reduces most oxides, liberating the corresponding metal or nonmetal 
Magnesium has a high heat of combustion, the heat of formation of magnesium oxide, 
MgO, being about 146,000 cal per gram atom The molecular heat of formation 
of AljOj IS about 386,000 cal , or about 128,700 cal per gram atom The explosibility 
of magnesium dusts is high, being about 114 as compared nith 100 for standard Pitts 
burgh coal dust The metal (particularly m powder or ribbon form) burns easily in. 
air and u ith an intense white hglit, \ ery rich in actmie rays This property makes 
magnesium valuable m photographic u ork for flashhghts The spectrum of burnmg 
magnesium more nearly resembles that of the sun than any other element Magne- 
sium does not bum directly in the air to oxide, but is converted first to the nitride, 
uhicb then burns to the oxide The reaction is accompanied by a faint yellow glow, 
followed by the peculiar incandescence and white light Massive magnesium does 
not readily bum in air except at temperatures far above the melting point 

Dilute acids dissolve the metal rapidly, with violent evolution of hydrogen 
Caustic alkali solutions have no action, but hot aqueous solutions of ammonium, salts 
attack it Strong sulphuric acid acts sloaly on magnesium, and mixed acid (sulphuric 
plus nitnc) has slow action at the ordinary temperature At 20°C water does not 
attack the metal, but at 100“C water is slowly decomposed with the formation of 
magnesium oxide and hj drogen The action on hot water is thought to be due to 
galvanic action hetu een the metal and the impurity iron therein Magnesium unites 
with nitrogen below the melting point to form magnesium nitride, MgjNj, and 
phosphorus reacts u ith it to form the phosphide (Mg 3 P 2 ) With boron it forms the 
boride (MgjBj), and it reacts with carbon to form the carbides (MgCj and MgjCj) 
The metal reacts \\ ith hydrocarbon gases to form these carbides, setting free hydrogen 
It does not react With hydrogen but can be distilled in an atmosphere of this gas In 
general, magnesium resists the attack of alkalies and hydrofluoric acid, but is attacked 
by saline solutions and most acids[30] One use of potential importance after the war 
IS the possibility of using the metal on a large scale to synthesize organomagnesium 
halides, such reagents being known as “Grignard’s reagents “ 

Corrosion - — The information giv en abox e as to the action of chemical reagents 
on magnesium is siiggestixc m determining the corrodibility of the metal and its 
alloys Magnesium and its alloys are more corrodible than aluminum and aluminum 
alloys when exposed to the ordmary corrosive agents But substantially pure 
magnesium and light alloys made from such metal exhibit adequate corrosion resist- 
ance to ordinary air, they are attacked by solutions of acid salts, neutral solutions of 
acid salts, and especially by halogen salts Gasohne, kerosene, and lubricating oils 
have no action Solutions of cellulose esters dissolve the metal Both the mefal 
and its alloys can be protected from ordinary atmospheric and other mild corrosives 
by painting with lacquers, varnishes, and paints, and by special coatings Thus, 
treatment in a bath of sodium bichromate, copper nitrate, and nitric acid causes 
formation of a colored oxidized layer, probably some copper compound, that protects 
against atmospheric corrosion Backerlll] has patented a coating process in which 
a strongly adherent coating of magnesium hydroxide, Mg(OH)j, is put on by heating 
the metal or its alloy s in w ater or steam to temperatures above 100®C for 15 min 
under ordinary or raised pressures The corrosion of magnesium by water can be 
inhibited by the presence of a small percentage of potassium dichromate m the water 
W S Loose has patented the use of solutions of hydrofluoric acid, hydrofluosiLcic 
acid, boric acid, and acid and neutral fluorides, followed by treatment wnth an arsenic 
compound (assigned to Dow Chemical Co )[451 

Physical and Mechanical Properties of Magnesium —Magnesium is the lightest 
metal used for structural purposes, having a specific gravity of 1 74 The metal 
weighs 1091b per cu ft The specific gravity in the liquid state (at G73®C ) is 1 56, 
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and the solidification shrinkage is 4.2 per cent. The lo'vv value 1.74 for the specific 
gravity makes an equal volume of magnesium ^veigh about two-thirds as much as 
aluminum. Magnesium is slightly malleable when cold but verj’^ malleable and ductile 
at 350 to 450°C. The metal and certain alloys can be cast readily in iron molds and 
dry-sand molds and also worked into shapes. Both magnesium and its light alloys 
machine easily and take a fine finish. When heated in vaaiOj magnesium sublimes 
and deposits in crystals. Table 2 gives a summary of the physical and mechanical 
properties of magnesium; the figures may be compared with the corresponding prop- 
erties for aluminum in the chapter on the Metallurgy of Aluminum and Aluminum 


TyVBLE 2 . — Physical, Mechanical, and Other Properties of Magnesium^ 


Property 

Units for expression 

Value 

Specific gravity, 20°C 

1 

Grams per cubic centimeter i 

1.7388 

Specific gravity, liquid, 673°C 

Grams per cubic centimeter 

1.S62 

Melting point 

Degrees Centigrade 

651 

Boiling point 

Degrees Centigrade 

1120 

Thermal expansivity 

Increase in length per unit of 
length per degree Centigrade 
(0 to 100°C.) 

0.0000259 

Thermal conductivity 

Gram-calories per centimeter cube 
per degree centigrade per second 
(c. g. s. units). 

0.350 

Latent heat of fusion 

Gram-calories per gram 

70 

Latent heat of vaporization 

Gram-calories per gram 

1,700 

Specific heat 

Gram-calories per degree Centi- 
grade (20 to 100°C.) 

0.249 

Specific electrical resistance 

Microhms per centimeter cubed, at 
20'’C. 

4.46 

Temperature coefficient of resis- ' 

Per degree Centigrade (20° C ) 

0.0040 

tivity 



Magnetic susceptibility 

H X 10®, at t8°C. 

H-0.55 

Hardness (cast) 

Brinell (10 mm., 500 kg., 30 sec.) 

30 

Hardness (cast) 

Scleroscope: 



Magnifier hammer 

20 


Universal hammer 

12 

Tensile strength (cast) i 

Pounds per square inch 

13,000 

Yield point (cast) 

Pounds per square inch 1 

3,000 

Elongation (cast) 

Per cent 

6 

Reduction in area (cast) 

Per cent 

6 

Compressive strength (cast) 

Pounds per square inch 

32,000 

Transverse strength (cast) 

Pounds per square inch 

32,000 

Heat of combustion to hIgO 

Calories per gram-atom 

146,000 

Heat of chlorination to MgCln. , . . 

Calories per gram-molecule 

152,000 

Heat of sulphuration to MgS 

Calories per gram-atom 

80,000 

Electrolytic solution potential 

against calomel electrode 

^^olts 

2.82 

Atomic weight 

0 = 16 

24.32 

* Datft collected from various sources. 
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Alloj s m this w ork Ma picsium is a good bcanng metal The mechanical properties 

of some magnesium nlloj s are discussed below under Alloj s Magnesium has low 
proportional limit and <luctiht > , n hich features preclude its use for some purposes 
■\Ioore(29] gi^es some tests on the mechanical properties of the metal and one alloj 
Magnesium Alloys —Magnesium -rich alloj-s are the lightest known useful alloj s 
for engmeermg construction, their specific gra^nt> falling in the range 1 75 to 1 90, 
roughly Their tensile strength hes in the range 20,000 to 50,000 lb per sq m , 
dependmg upon the alloj and the condition, tc, whether cast or worked Mag- 
nesium forms alloj s with most metals, and the commercial alloj s are represented by 
certain magnesium-zinc, magnesium-aluminum, magnesium-cadmium, magnesium- 
alummum-zuic, magnesiurn-alummum-cadmium-coppcr, magnesium-alummum-zinc- 
mangancse, and other alloj s Magnesium-zmc alloj s are represented by the so-called 
“Elektron metal” of the Chemische Fabnk Griesheim-Elektron, while magnesium- 
aluminum alloj s are made bj' the Dow Chemical Co under the name Dow metal 
Substantiallj' pure magnesium and an alloi of the nomiml composition 995 05 
magno«ium-zinc h ivc been marketed under the name “cork metal ” 

Some tests hire hocii repnrtetl bj Beekms ile[15] on the properties of German 
Elektron metal of the nommal composition 94 5 5 0 5 magncsium-zuK^coppcr 



Fia 7 —Perforated crueiblo for adding magnesium to alloj s (Roaenhatn ) 


The properties of three samples in the form of ej hndrical rods w ere as follows specific 
gravity, 1 78 to 1 79, Urinell hardness (1 mm ball, 10 kg ), 48 to 63, jaeld point, 
17,000 to 26,900 lb persq in tensile strength, 36,100 to 41,200 lb persq in,elongn 
tion, 13 to 19 per cent , specific tenacity, 250 to 284 yield point m compression, 6700 to 
18,800 lb per eq in , and compressive strength, 50,000 to 53,500 lb per sq in 

About twenty j-^ears ago, 87 13 magnesium-copper alloy was cmplojed consider- 
ably for pistons m Germanj , while the 90 10 magnesium-copper alloy w as used some- 
what. The 90 10 magnesium-aluminum, 88 12 magnesium-alummum, and the 
90 8 1 1 rnagnesium-aluminum-copper-cadmium alloj s have all been chill-cast for 
pistons, whde the 89 10 1 magnesmm-alummum-silicon alloj' has been used for 
piston-bm bushings The 87 13 magnesium-copper alloy, sand-cast, has a tensile 
strength of about 20,000 lb per sq in , 1 5 per cent elongation, and 55 Brmcll hardness 
number Other alloys that have been emplojed include the 90 5 5 magncsiuro- 
alurainum-zmc alloy (for aircraft castings) and the 99 1 magnesium-silicon alloy (for 
pistons) Certain of the magncsium-basc alloj s arc hcat-trcatahle, e g , magnesium 
aluminum The heat-treatment of such alloj s, as tn the case of aluminum alloj s 
depends on the retention in solid solution of a soluble constituent bv quenching and 
Its subsequent precipitation m finclj dispersed particles by aging Thus, a Lcat- 
treatablc magnesium-aluminum alloj maj be quenched from 425‘’( and aged at 
200®C to cause precipitation of the ^rglU. Certain intermediate allo\p, eg 
50 50 and 20 80 magnesium -cop per, ha\ e been used for deoxidizing in nonferrous 
practice, and the 09 31 aluminum-magnesium alloj’ has been cmplojed for mirrors 
under the name ''mirror metal ” 
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In general, the magnesium-aluminum-zinc alloys are far superior to the mag- 
nesium-aluminum alloys. As the zinc may run from 3^ to 3 per cent, and the alumi- 
num from 6 to 10 per cent, the scrap problem is greatly complicated if several alloys 
are in simultaneous production, and this has apparently militated against their use 
in the United States. 

Alloys of Mg 913^ :A1 8:Zn 3^ and Mg 90: A1 93^ : ZnJ^ are superior for founding 
practice. Alloys with 6 A1 and 34 Zn or with 2 per cent Mn are good extruding alloys; 
the 8 Al, 34 Zn is very poor for this use. While the manganese alloys are superior in 
corrosion resistance, they are below the aluminum-magnesium alloys in strength. 

The usual nomenclature and general properties of the alloys currently used in the 
United States are given in Tables 3 and 4. 

The H alloy (American 4) is apparently a favorite German alloy. It is tough, but 
inclined to porosity. The Germans also use 3 Al; 1 Zn; 4 Al, 3 Zn; 834 Al; ^ Zn; and 
934 Al: 34 Zn. 

The alloy of magnesium with 834 Al:334 Zn is said to give an ultimate tensile 
strength of 15 to 18 tons per sq. in. after heat-treatment. 

As a matter of fact, all magnesium castings should be heat-treated for about 
6 hr. at 840°F., and a protective gas must be used in the oven. About 34 to 1 per cent 
sulphur dioxide in the furnace atmosphere gives the castings ample protection. The 


Table 3. — Magnesium Alloy Specification Equivalentsi 


Type 

Basic 

Magnesium, 

Inc., 

alloy 

i 

A.S.T.M. 

Navy Bureau 
Aeronautics 

Army 

Air 

Corps 

speci- 

fication 

Dow 
Chemi- 
cal Co. 
Dow- 
metal 
alloy 

Ameri- 
can Mag- 
nesium 
Corp. 
alloy 

Alloy 

No. 

Speci- 

fication 

Alloy 

No. 

Speci- 

fication 

Casting: 







i 


Sand casting 

BMr-4 

4 

B-80-4lTft 

4 

M-112 

57.74-10 1 

H 

AM-2G5 


BMI-ll 

11 

B-80-41Tf» 

1 

M-112 


M ' 

AM-403 


BMI-17 

17 

B-80-41T0 

' 17 

M-112 


C 

AM-260 


BMI-A8“ 









BMI-AZ91« 








1 

Dio casting ' 

BMI-13 

13 

B-94-40Tf' 


M-369 

11319 

K ' 

AM-263 


BMI-A8“ 





1 




BMI-AZ910 








1 

Permanent mold. . , , ^ 

BMI-A8« 









BMI-AZOl® 








Wrought: 









Extrusions 

BMI-AZ855« 

9 

B-107-41T 







BT^U-8 

8 1 

B-107-41T 

1 ^ 

M-12G 

! 11320 

J 

AM-57-S 

1 

BMI-11 

11 

B-107-41T 

1 11 

1 

1 M-12G 

11320 

U 

1 

AM-3-S 

1 

Forgings 

BMI-AZ85« 

9 

B.91-41T 







BMI-8 

8 

B-91-41T 




J 

AM-57-S 



9 

1 

B.91-41T 



11321 

1 0 

!AM-58-S 

Sheet. 

BMI-8 

s 

B.90-41T 







BMMl 

11 

B.90-41T 

I 

; M-111 

11317 

M 

AM-3-S 


' Coxjrtcsy Basic MaRncsium, Inc. 


- Those alloys aro similar to the English and Gorman alloy’s of these numbers. 

» These specifications aro for the castings themselves. The ingot specifications aro B-93-41T. 
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treatment for 6 hr at 840*F may be considered a minimum E F. Cone recommends 
12 hr at 715 to TSO’F for solution and 16 hr additional at 3S0®F. for agmgl56] 

Rlagnesium is a constituent of certam aluminum alloys, e g , duralumin, zinc dura 
lumm, magnahums, and so-called \ -alloy of the National Physical Laboratory 
(92 5 4 1 5 2 alummum-copper-magnesium-nickel) Magnesium is present in dura- 
lumin and zinc duralumin m an amount of 0 5 to 1 0 per cent, and by the formation of 
magnesium sihcide, MgiSi, is largely responsible for the duralumm phenomenon 
Alagnalumms are aluminum-nch alloys containing magnesium up to 10 per cent and 
magnesium with other elements 

Meltmg and Castmg — Magnesium alloys are more difficult to prepare than are 
aluminum alloys In practice, the magnesium is usually melted m cast iron or steel 
pots fired by oil or gas and the alloy s o ith aluminum and with zme are made simply 
by adding definite amounts of sohd metals to liquid magnesium Manganese is 
preferably added by using a flux that contains manganese chloride, the manganese 
being reduced by the magnesium The Dow Cliemical Co has t\io such fluxes, its 
No 250 (melting) consists of 23IvCl, 72MgClj, 21^BaClj and 2|^CaPz Ihis flux is 
usually used following a refimng with the Dow No 230 flux, which is a general open 
pot flux consisting of 65KCI, 34MgCl2, QBaCU, and 2 CaF 2 The Dow Chemical Co ’s 
No 320 13 another flux used for the introduction of manganese This contains 
76MnClj, 13CaFi, and IlMgO This is used after a refining with No 310 flux, which 
consists of 20KC1, SOMgCL, ISCaF,, and 15MgO 

The British refinmg fluxes used where w e use the Dow 320 and 230 are MgClj, 
30, NaCl, 30, KCl, 30, and MgF*, 10, or less commonly MgCl?, 39, CaCl*, 15, NaCl, 
7, KCl, 7, CaF,, 20, MgO, 12 

A flux recommended by Dow Chemical for refining metal in a covered pot provided 
\iith SOj surface protection is No 220, 57KCI, 28CaCli, 12)^BaCIj, and 2>^CaFj 
This flux is removed after refining A British flux used for melting is MgCli, 33, 
CaCL, 30, NaCl, 15, KCl, 15, and MgO, 1 

There are various other fluxes on the market that appear to be mixtures of the 
various chlorides and fluorides already mentioned, and some appear to contain borates 
and bone acid and sulphur Schreiber and Beck(171 patented the use of sulphur as a 
flux, the idea being to cause a layer of sulphur vapor to float above the liquid metal, 
while above that was a layer of sulphur dioxide from the combustion of this vapor 
Veazey' and Burdick[12] and Gann [13] held patents for various halide mixes, but these 
patents ha fe now expired Oxidation on meltmg has been discussed by de FleurylSl] 
in a paper that is still a classic 

The older w orkers recommended that magnesium or its alloys should not be heated 
to a temperature exceeding ISSO^F , but it appears that a superheatmg (say 15 mm ) 
at ICSO to 1750*F refines the gram of aluminum alloy However, if this is given, it i« 
important that the metal he hrou^t down to pouring temperature and poured with 
httle delay The gram refinement is rapidly lost on standing at pouring temperature* 
(say around 1450*^ > 

Magnesium cannot be poured into green sand (water tempered) molds since ir 
reacts with the moisture For green-sand molds with magnesium, the usual water is 
replaced mth kerosene, glycerine, or ethylene glycol, which prevents ignition of the 
hot metal A sand of 1(5 to 2G grade should be used ‘ An exception to the above is 
in the use of symthctic sands [such a mixture is silica sand (minus 40 mesh) 91 per 
cent, bone acid, per cent, sulphur, 4^ per cent, bentonite 4 per cent] This 
mixture has been successfully employed using about 3H per cent of water for mixing 
Cores may be bonded inth dextrm, corn oil, or sodium silicate solution and baked 

•Tb« Amerieiin Foundrymen * AssCHjiation is uaing the following elagiifieation for foundry aand 
Clav eootent it denotod by letter 
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The synthetic sand mentioned above may be used for cores, but in this case the sand 
is a little coarser than 40 mesh, and a little less sulphur is used. Some authorities 
recommend a dusting of the mold with bentonite or graphite. The sand for mag- 
nesium-alloy casting should be permeable and the molds freely vented. Magnesium 
cannot be poured directly into molds; some device such as a pouring cup must be 
used to break the fall of the metal, so as to reduce the amount of air carried into the 
mold as greatly as possible. A current of nitrogen or chlorine gas flowing through 
the molds is sometimes recommended to reduce the porosity of the castings, but 
does not appear to be necessary. Gates and risers of great size must be used; in fact, 
the gates and risers may weigh two and one-half to three times what the casting does 
from which they are cut off [64]. 

Precipitation of Iron. — ^There is a tendency for iron to be introduced into mag- 
nesium alloys through the magnesium itself, from the iron pickup in remelting mag- 
nesium scrap, from the aluminum, from the flux, and from the crucible itself. If 
manganese is introduced by the use of manganese chloride or the Dow 250 or 320 flux, 
spoken of above, to the saturation point during the superheating to produce grain 
refining, the iron is precipitated to the bottom of the crucible on reducing to the pour- 
ing temperature. The iron contents may be reduced to 0.001 per cent by this process. 
Any attempt to remelt or reheat such high-purity alloys appreciably above 1300 to 
1350°F. in steel crucibles will inevitably lead to recontamination by iron. 


A sand — • 0 up to but not including 0.5 per cent clay 
B sand — 0.5 and up to but not including 2.0 per cent clay 
C sand — 2.0 and up to but not including 5.0 per cent clay 
D sand — 5.0 and up to but not including 10,0 per cent clay 
E sand — 10.0 and up to but not including 15.0 per cent clay 
F sand — 15.0 and up to but not including 20.0 per cent clay 
G sand — 20.0 and up to but not including 30.0 per cent clay 
H sand — 30.0 and up to but not including 45.0 per cent clay 


The fineness is then expressed by a series of arbitrary numbers, derived as follows: The sand, freed 
from clay, is screened, and the residues on the screens expressed as per cents are multiplied by the 
following factors: 


Through 6, 
Through 12, 
Through 20, 
Through 30, 
Through 40, 
Through 50, 
Through 70, 
Through 100, 
Through 140, 
Through 200, 
Through 270 


On 6 mesh 
on 12 mesh 
on 20 mesh 
on 30 mesh 
on 40 mesh 
on 50 mesh 
on 70 mesh 
on 100 mesh 
on 140 mesh 
on 200 mesh 
on 270-mesh 
mesh 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


3 

5 

10 

20 

30 

40 

50 

70 

100 

140 

200 

300 


The products of these multiplications are then added and divided by the total percentage of sand, 
i.c., the clay is excluded. The sand is then classified according to the quotient thus obtained. 


No. 1 sand 
No. 2 sand 
No. 3 sand 
No. 4 sand 
No, 5 sand 
No. 6 sand 
No. 7 sand 
No. 8 sand 
No. 9 sand 


corresponds 

corresponds 

corresponds 

corresponds 

corresponds 

corresponds 

corresponds 

corresponds 

corresponds 


to quotients from 
to quotients from 
to quotients from 
to quotients from 
to quotients from 
to quotients from 
to quotients from 
to quotients from 
to quotients from 


200-300 
140-199 
100-130 
70- 99 
50- 69 
40- 49 
30- 39 
20- 29 
10- 19 


From "Standards and Tentative Standards for Testing and Grading Foundrj^ Sands," American 
Foundrymen's Association, July, 1938. 



64 


NONFERROUS METALLURGY 


As indicated previousl> , magnesium is used to a considerable extent as a deoxidizer 
m nonferrous foundry practice It is also a minor alloying element or a constituent 
in subordinate amount in certain alloys For making fixed additions of magnesium, 
it is advisable not to add the entire amount at once by simply throwing the metal 
into a liquid melt, but small pieces may be pushed under the surface by tongs and 
held until dissolved If thrown into a liquid melt the magnesium will break up, 
float on the surface, and burn A useful device for making fixed additions of mag- 
nesium IS a form of “phosphonzer,” such as is used in adding phosphorus to alloys 
The tubular device of Naylor and Hutton (U S patent 1475055) is useful, or the 
perforated crucible [10] shown in Fig 7 may be employed 

Impregnation of Magnesium Castings — Even with the utmost care, there is a 
decided tendency for magnesium castmgs to be porous This tendency can be cor 
rcetcd to some extent by impregnating the castings with tung oil or with sodium silicate 
solution under pressure In the case of sodium silicate, the casting has to be ihor 
oiighly cleaned or unsightly stains result Tung oil seems to be the better reagent, 
though it has been difficult and sometimes impossible to get under war conditions 
Pressures up to 200 lb per sq in and temperature up to 475“F are often used This, 
of course, necessitates carrying the process on in an autoclave 

Anodizing — Consobdated \ uUee Aircraft Corporation has recently announced 
that it has a corrosion and abrasion resisting finish, produced by anodizing in an 
alkaline solution, which mil apparently be made generally available to industry 
Except that it requires a fairly close temperature control (from 171 to 179”F), no 
details have been given out 

Mechanical Treatment — Both magnesium and certain magnesium nch alloys 
can be readily rolled hot and to some extent cold, but when rolled cold frequent anneal- 
ings are necessary between passes in order to avoid cracking Both the metal and 
magnesium base alloys containing, for example, up to 10 per cent aluminum or zme 
are worked (rolled or forged) at 350 to 400°C , and extruded at 550“C The ordinary 
ribbon is made by pressing the semifluid metal into n ire and then flattening it The 
powder is made by disintegrating the metal m the pasty condition, or by mdlmg 
Magnesium and its alloys are soldered n ith great difficulty, but welding is done similar 
to aluminum welding The use of a slightly reducing oxyacetylene flame and fluoride 
fluxes 13 recommended Both magnesium and magnesium alloys may be machined 
very rapidly and easily, and the machmabihty of magnesium is unexceeded by any 
other metal It exhibits no draggmg tendency as docs aluminum, and all machine-tool 
operations can be carried out much faster than on aluminum and its alloys U eldmg 
13 also carried on, usmg a hollow electrode through which helium is passed to give a 
neutral atmosphere 

Metallography — Alagnesium has a hexagonal close-packed lattice, with lattice 
parameter a = 3 22 and c = 5 23 (axial ratio 1 624) Magnesium does not work well 
because of its crystal structure The ductile and malleable metals (like aluminum) 
have face-centered cubic lattices The constitution and metallography of many 
binary systems of magnesium uith other metals have been exammed, and the dia 
grams of thermal equihbrium pubhshed[2o] Magnesium and its alloys may be 
etched satisfactorily with dilute acids, e p , acetic acid and nitnc acid A solution of 
1 per cent hydrochloric acid plus 0 5 per cent nitnc acid m alcohol is also a satisfactory 
etching reagent 

Selected Bibbography — The literature on magnesium in general, particularly the 
chemical side, is large A few of the more important references are given below 

1 Lejbal, a “L’aluminium, le baryum, le strontium, le calcium, le manganese, et 
le magnesium,” J B Balh^re et fils, Paris, 1S94 
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Trans. A.I.M.E., Vol. 69, pp. 1070-1074, 1923. 

23. CzENTNERszwER, ^I.: Velocity of Dissolution of IMagnesium in Acids, Rec. trav. 
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BERYLLIUM^ 

Sources. — From a commercial standpoint, the only beryllium mineral now war- 
ranting attention is beryl, 3Be0.Al203.6Si02, which is of fairly widespread occurrence. 
The chief deposits are in Brazil, Argentina, India, Canada, and Portugal. When pure 
this contains about 14 per cent beryllium oxide. The mineral richest in berjdlium is 
phenacite, (Be0)2Si02, or beryllium orthosilicate, which contains 45.55 per cent 
beryllium oxide when pure. If an^mne is ever fortunate enough to discover a large 
deposit of it, it will revolutionize beryllium metallurgy. 

Gadolinite, 2BeO.FeO.2Y2O3.2SiO 2, is often referred to as a beryllium mineral, 
though the occurrences are comparatively scant and it is of more interest as a source 
of yttrium than it is of beryllium. 

There has been a good deal of talk recently regarding some occurreiices of helvite 
occurring in the United States. Helvite is a complex manganese-iron beryllium 
silicate, and apart from difficulties that would arise in its treatment because of its 
composition, the beryllium content of the known deposits is not high. 

Early Metallurgy. — The element beryllium was first isolated by L. N. Vauquelin in 
1797.- He crushed and heated beryl, having the idea that this heating made the 
mineral more readily amenable to attack by chemicals, and then mixed the mineral 
with three times its weight of caustic potash and fused the mixture. The melt after 
cooling was dissolved in hydrochloric acid, dehydrated, and again taken up with 
hydrochloric acid and filtered to separate the silica. The filtrate was treated with an 
excess of potassium carbonate, and the precipitate after draining was leached with 
a solution of caustic potash which dissolved the alumina. The undissolved material 
was, in Vauqueliu^s own words, unc ferre nonvcllc. He dissolved this precipitate with 
nitric acid and evaporated to dryness, took up with hydrochloric acid and threw the 
iron out unth potassium hydrosulphide, though he found that to make a complete 
separation of the iron involved a second treatment. The solution after throwing 
out the iron had a pronounced sweet taste, and though Vauquelin always speaks of 
working on ierre die bSril he suggests that the new element should be known as *'glu- 
cine*’ (glucinum) from the Greek word for sweet, because of this outstanding property. 

Vauquelin did considerable work ^n the comparison of aluminum and ber>’'Uium, 
working out a separation of most of the aluminum based on its precipitation as alum. 

' .\n abridgement of this section, by the editor, appears in the Non-ferrous Metallurgj’ volume of the 
Anicric:in Institute of Mining and Metallurgical Engineers. 

’ Ann. chini. pftys., Vol. 25. pp. 115-179. 1798. 
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iris work IS re^^ewed at some length since ordmanlj his procedure is incorrectly 
set forth in modem metallurgical n orks It will abo be recognized bj those n ho hare 
studied berj Ilium melallurg} that a good manj technicians have foUon ed lus ideas 
since including prehcatmg the berjl before treatment, which has e%en been allowed 
as an invention in recent patent claims The fusion with caustic alkali has been done 
bj H \ Marrcn (ISHt) G W jTrouboff (1902) J H Pollok (1903), C L Parsons and 
Dames (1906) F Bran and G k an Ordt (1907),L Petit-Devaucelle (1926) and C F 
Brush H Fischer H H Armstrong G Jaeger, and C Adamoli, to cite only those 
processes immediately occurring to the author It H McKee w orked with alkahcs 
in solution in an autoclav c rather than bj fusion 

\ auquelin also pros ed the existence in the emerald of the same new element that 
he had found in beryl 

Ilumphrej Dav-j (about ISOS) and M ohler (1827) produced an impure metallic 
berj Ilium bj reducing the oxide with metallic sodium or metallic potassium 

The first use of sdkaline carbonates as decomposition agents came over half a 
century later Ilenn Debraj in 1854 puKenzed beryl and fused it with half its 
w eight of calcium oxide ^ The mass obtamed by this fusion he powdered and treated 
with dilute nitric acid until a homogeneous jellj was produced Then he evaporated 
the jelly to drjTiess and calcmed until the nitrates of berj Ilium and iron were decom 
posed as well as some of the calcium nitrate This residue he treated wuth amraomum 
chlonde Apparentlj he counted on the evolution of ammonia by the decomposed 
calcium lutrate to keep most of the iron and alumina in the insoluble residue with the 
silica If there was no evolution of ammonia, he argued that he had not earned his 
calcination far enough He filtered off the solution of beryllium and calcium and 
poured the filtrate into an excess of ammomacal ammonium carbonate solution and 
allow e<l the mixture to stand for 7 or 8 dajs, and then added some ammonium hydro- 
sulphide to precipitate the iron completely He then filtered off the pure beryllium 
solution, which he concentrated by boiling until basic berj Ilium carbonate separated 
as a white powder Again, metallurgists who have worked with beryllium will 
recognize that Uebraj s caustic lime decomposition of beryl has formed the basis for 
at least a dozen metallurgical processes based on this method of attack 

Debray refers at some length to Berthier’s work on the separation of beryllium 
from alumina Berthicr suspended the w cU w ashed mixture of these earths in water 
and passed in sulphur dioxide until they dissolved, after which he boiled off the excess 
of sulphur dioxide Berliner claimed that the alumina precipitated and left the 
lierjlhum m solution Dchraj thinks it is an inferior separation, although it still 
figures m some modern patent w ork 

The first decomposition of berj 1 vnth fluorine that the author has found was that 
of G Sheffer m 1858 w ho heated berj 1 w ith fluorspar and sulphuric acid, thus driving 
off. tbA c& bIj/wj?. tetw.djifjavie * Tbie bj-intAotiTit- atwi 'a lAso lartva a® 
He leached the residue w ith dilute sulphunc acid and threw out most of the alumina 
as an ammonium or sodium alum The rest of the alumina w as thrown out b> treating 
the solution with zinc, which produced an insoluble basic aluminum carbonate The 
zinc which had dissolved then had to be in turn removed in part as potassium zinc 
sulphate and finally as zme sulphide, the beryllium eventually being precipitated 
bj the use of ammonium carbonate 

John Gibson m 1893 decomposed berj! with ammonium fluoride This will aKo 
be recognized as a precursor of various recent patents P Lebeau as earlj as 1895 
described a process based on fusing bcrjl vntTi twice its weight of calcium fluonde, 
which he stated could be done at a comparativelj raoderale tempcialure lift 

> <t>M pAyi tot 61 3(i wriM pp 6-<t 166$ 

Mss ctrsj. PAsrsi, tot M p 114 147 1659 
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treated the melt with sulphuric acid, driving off silicon tetrafluoride and h 5 ’’drofiuorio 
acid. 

Lebeau also treated beryl in an electric furnace with an excess of carbon, reducing 
some of the silica to silicon, which distilled off, and in part reducing it to silicon carbide 
and ferrosilicon. The aluminum and beryllium were converted into carbides. This 
electric-furnace product disintegrates by weathering and is easily attacked by sulphuric 
acid. 

In 1915, H. Copaux took out French patent 476475 which is based on fusing beryl 
with sodium fluosilicate. This process, sometimes with the addition of alkaline 
hydroxides or carbonates or of sodium fluoride, has since been followed by a number 
of inventors. 

Electric-furnace Processes. — Other metallurgists also worked with the electric 
furnace. L. Burgess produced beryllium carbide or beryllium silicide in an electric 
furnace, distilling off beryllium chloride. He also reduced under such conditions as 
to form tetraberyllium trisilicide and also worked on a method for concentrating 
beryllium in a scoria by forming ferrosilicon in the furnace, using an insufficient 
amount of carbon to reduce the beryllium (U.S. patent 1905340 of 1933). 

B. R. F. Kjillgren also worked on this idea of the production of ferrosilicon (U.S. 
patent 2092621 of 1937). 

H. Lowenstein based his process on the production of beryllium sulphide, using ' 
pyrite as a source of his sulphur and thus sulphurizing the beryllium (U.S. patent 
1777267 of 1930). 

D. Gardner worked on the production of beryllium sulphide by sulphurizing with 
carbon disulphide in the presence of an excess of carbon at 1800 to 2000°C. (U.S. patent 
2166659 of 1930). 

H. H. Armstrong reduced with carbon or CaC 2 at a temperature high enough to 
volatilize the Si, then leached with H 2 SO 4 (U.S. patent 2273168 of 1943). 

Reduction to Metal. — Although certain early experimenters following the proce- 
dure of Davy and Wohler claimed to have produced beryllium 99.8 per cent pure, it 
seems probable that Lebeau was the first to prepare metal of this or higher purity, 
which he did in 1894 by electrolyzing Na 2 BeF 4 at a temperature below red heat, using 
a nickel crucible to contain the electrolyte. This crucible also served as his cathode. 
The anode was graphite. 

One of the great obstacles to recovering beryllium as the pure metal is its extreme 
lightness. The slags or scorias produced by chemical reduction are often heavier 
than the metal so that the metal floats on top of them instead of being protected by 
them. In the electrolytic production of beryllium, the fused electrolyte is often 
heavier than the metal, which means that it is difficult to prevent the metal from taking 
fire at the anode. This lightness of the metal is one of the reasons why it is easier to 
produce a master alloy of beryllium rather than the pure metal. 

Commercial Processes. — In general, modern processes for beryllium production 
are based on bringing beryllium into solution as an alkaline fluoberyllate as initiated 
by Ck>paux or as beryllium sulphate or chloride, usually, in the last-named methods, 
dissohdng the beryllium after a preliminary decomposition of the beryl by an alkaline 
hj'droxide or carbonate or an alkaline-earth oxide or carbonate. High-temperature 
chlorination has also been resorted to for the direct production of chloride, using 
chlorine, hydrochloric acid, and carbon tetrachloride or various combinations of them. 

The fluoride-recovery processes take various forms, as the fusion with sodium 
fluosilicate as devised by Copaux spoken of above, or by attack by hydrofluoric acid 
at high temperatures, or silicon tetrafluoride at high temperatures, or in organic 
solution; by treatment with ammonium fluoride both as a gas or in solution under 
pressure; by the use of acid sodium fluoride either under pressure or at high tempera- 
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ture, and moat leoent of all by the Kawechi ptocesa (U,S patent 2312297 of 1943) 
employing sodium iron fluoride (iron cryolite) 

All these processes depend on the fact that the alkaline fluoberyllates are soluble 
m water though berylhum fluoride is not 

As stated above, sulphate solutions are usually prepared after decomposition of 
the beryl with the alkaline or alkaUne earth hydroxides or carbonates, though Sawyer 
(US patent 1823864) m 1931 claimed the use of sulphuric acid on the beryl itself 
after heating to lOOOX Jaeger and Wille m 1939 (U S patent 2160547) claimed that 
beryl could be decomposed by treatment ■with sulphuric acid or acid sulphate if a 
small amount of fluonde w as present, stating that only one-tenth of the amount of the 
costly fluorine radical was necessarj m this process that w ould be required for a com 
plete decomposition of the beryl with fiuorme 

One inventor rather dodges his responsibilities by statmg that he prepares a 
sulphate solution ‘ m any well known manner " 

Reduction to Metal —There is no outstanding method for the reduction of beryl 
hum metal any more than there is any process for the decomposition of beryl that is 
comparatively unequaled There are various patents and processes covering the 
electrolysis o! beryllium fluoride or beryllium, oxy fluoride, BeO 5BcFi such, as those 
of Cooper, Zeppelin, Fischer, and Adamoli for the electrolysis of beryllium fluoride 
in solution in molten calcium fluoride and m vanous halide electrolytes, and for the 
electrolysis of berylhum chloride m electrolytes w here the metalhc base of the solvent 
is more electropositive than is beryllium, such as sodium, potassium or bthium 
chloride or mixtures of them The electrolysis of berylhum hydroxide or berylhum 
chlonde in solution in anhydrous ammonia has also been patented by Booth Torrey, 
and Merlub Sobel (U S patent 1893221) The use of sodium or potassium to reduce 
beiylhum halides over 100 jears ago by lanous experimenters has already been 
commented on Magnesium has also been used to reduce the normal sodium fluo- 
beryllale, NaiBeF 4 the monosodium fluobery Uate, NaBeF*, and also berylhum 
chloride It may be noted in passing that the reduction of chemically pure NaiBeF^ 
by pure magnesium is Ltely to result m a disastrous explosion The direct reduction 
of berylhum oxide by magnesium fails because of the extreme mfusibihty of the oxide 
The veactioTV quickly conies to a halt because of the lack of contact between the icducer 
and the material to be reduced 

Beryllium is Lke alummm m that reduction by carbon produces a carbide rather 
than berylhum metal It likewise resembles aluminum m that the reduction of 
beryllium and a basic metul for the production of a master alloy can be performed bj 
the use of carbon, which reaction has been patented by Gahagan (2193482) and Gruber 
and Hessenbruch (222S310) Berylhum can also be produced in the same manner as 
magnesium by thermal reduction with carbon, the beryllium being volatilized and 
then condensed Berylhum can also be reduced by carbon in the presence of hydrogen 
Some experimenters have claimed that the hydrogen must be in the atomic form but 
the writer does not feel sure that this has been proved 

Other properties that make the metallurgy of this element a perplexing problem 
are the followmg the metal has a high fusion point and a high vapor pressure at a 
temperature of not much above the fusion point, the pure metal is exceedingly light 
and has a tendency to float on slags and on fused electrolytes the babdes are all highly 
deliquescent, and after they have absorbed water from the air, they cannot be recon 
verted to an anhydrous salt by simple heating as all the halides hydrolize readily, 
when beryllium hydroxide is precipitated it has a tendency to occlude and adsorb 
other salts and there is also a tendency to form basic and oxysalts In short berylhum 
deserves the cbaraclenzation given it by Dr C B Sawyer, of being ‘ the s 
No I metallurgical headache ” 
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Perosa Process. — While it would be possible for anyone to construct his own flow 
sheet from the information that has already been given, it may be of interest to follow 
in detail the recovery of the metal by the Perosa process. 

The beryl is heated and is then crushed and ground so that 100 per cent passes 
100 mesh. It is then mixed with acid sodium fluoride in the proportion of 4 atoms 
of fluorine to 1 atom of beryllium, and this mixture is briquetted. The beryllium 
is converted to sodium fluoberjdlate when the briquettes are sintered at 650 to 800 °C. 
The sintered briquettes are crushed and ground and leached with hot water. The 
filtered solution is then purified from iron, manganese, and alumina by being made 
exactly neutral by the addition of sodium hydroxide, and a little potassium perman- 
ganate is added. The iron-manganese-alumina precipitate is filtered off, and an 
excess of sodium hydroxide added to the solution. Beryllium hydroxide is pre- 
cipitated, which is filtered off, washed, and dried. The drying temperature should 
not exceed the decomposition temperature of the hydroxide by more than a few 
degrees; for if it is dried at too high a temperature, its reactivity becomes less than 
if it is dried close to its decomposition point. After drying, the material is ground 
in a paint mill with acid ammonium fluoride, which converts the hydroxide to ammo- 
nium beryllium fluoride. The ammonium-beryllium fluoride is then briquetted and 
heated at a temperature sufficiently high to drive off the ammonium fluonde, leaving 
pure beryllium fluoride behind. This beryllium fluoride is then reduced with mag- 
nesium or a magnesium alloy in the presence of some of the metal of which it is desired 
to form a master alloy. 

Because of the high cost of fluorine, no matter what the form in which it is obtained, 
the solution from the precipitation of the beryllium hydroxide must be treated to 
recover fluorine, as must also the slags from the final reduction. 

Uses of Beryllium. — Except for alloying purposes, the metal has no great value. 
The greatest use of beryllium is in the production of alloys with copper. These alloys 
require proper heat-treatment to bring out their best characteristics, this heat-treat- 
ment being covered by TJ.S. patents 1975112 and 1975113 issued to Masing and Dahl, 
rights to which are held by the Beryllium Co. of America. When properly heat- 
treated the alloys, particularly in the range 2.3 to 2.6 beryllium, develop a tensile 
strength comparable to good steel v/ith a fatigue limit which far exceeds that of many 
steels. The beryllium-copper alloys, even when the beryllium is in small quantity, 
have a high resistance to many forms of chemical corrosion. 

Some of the beryllium-nickel alloys, particularly those approximating 4 per cent 
Be, 96 per cent Ni, also have an amazing resistance to corrosion and have fine mechan- 
ical properties. It is understood that these alloys have been used to a considerable 
extent for surgical instruments by the Germans. 

The supply of beryllium has been insufficient during the war to meet even the 
demands for master alloys to make cuproberyllium, nickel-beryllium, and some other 
alloys for military use. There has been some interesting work done on light alloys of 
magnesium, aluminum, and beryllium stabilized with at least two other elements and 
employing fairly high percentages of beryllium (in the neighborhood of 22 to 25 per 
cent). AWicther these alloys will find any commercial use after the war will have to 
wait until it can be seen what the beryllium supply will be and what will be taken by 
the low-percentage uses. 

Determination of Beryllium. ^—The ore, usually beryl, should be ground until 
100 per cent passes 100 mesh. Fuse 0.5 g. of the ground ore with potassium sodium 
carbonate in a platinum crucible, for at least 20 min. 

* Courtesy Lucius Pitkin & Co., New York, 
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Transfer the melt to a porcelain casserole, and dissolve in HCl Evaporate to 
dryness on a water bath, repeating the evaporation with HCl to ensure dehydration of 
the silica After the second evaporation, bake m a hot plate 

Filter off the insoluble residue, dry and ignite in a platinum crucible, then treat 
the residue with IIF and HjSOi until the silica is expelled Fuse the sihca-free 
residue m platinum with HKSO4 and dissolve the melt, filter, and add the filtrate to 
the mam solution 

The solution is made shghtly ammoniacal and the excess ammonia boiled off 
Filter, redissolve the precipitate in HCl, and reprecipitate Tilth NH» 

Evaporate the united filtrates to fumes with an excess of sulphuric acid, dtssohe 
in water, filter, and once more treat with ammonia If there were fluorides in the 
original sample, more NHi precipitate n ill form Add it to the main NHj precipitate 
if it does 

Dissolve the hydroxide precipitate in 5 to 10 cc of HCl, and dilute the solution to 
about 400 cc Make barely ammoniacal, and then make barely acid with HCl 
Then, while stirring, add an excess of hydroxyqumoline solution {5 per cent m 2N 
acetic acid), then 10 cc of neutral concentrated ammonium acetate solution Heat, 
while stirnng, to fiO^C , on a water bath and allow to stand If the precipitate is not 
too voluminous, it can be filtered on filter paper, otherwise it should be filtered on a 
gooch with the aid of suction \\ ash well with cold w ater 

The filtrate contams the Be, the precipitate contains the iron and alumina Add 
excess NH*, boil on a hot plate to expel the excess then filter off the Be(OH)* on an 
ashtess filter and wash with hot water containmg some ammonium acetate and a few 
drops of NHj 

Dry in a platmum crucible, incinerate carefully, and heat in a full Bunsen flame 
to constant weight The residue is Be BeO X 0 3626 = Be 

The iron and alummum can be determined in the hydroquinoline precipitate after 
destroying the organic matter by a treatment tt ith nitric acid and sulphuric acid 
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THE ALKALI AND ALKALINE-EARTH METALS 

By A. C. Loonam^ 

This chapter deals with eight metals which occupy a pecuhar place in metallurgy. 
Three of them, calcium, sodium, and potassium, are among the five most abundant 
metals in the earth's crust. Two otheis, barium and strontium, are plentiful and 
even the rarest, cesium, is no rarer than such well-known metals as cadmium, mercury, 
and antimony. Lithium is actually as abundant as zinc, and rubidium is also widely 
distributed. Their compounds are of great importance in every phase of life, yet 
the metals themselves are not generally known. Only one of them, sodium, is pro- 
duced in considerable quantity, but practically all of it goes for use as an industrial 
chemical and not as a metal. 

x^^The reason for this, of course, is that these metals lack the physical properties that 
make others valuable. They are soft, weak, and rapidly corroded, and are therefore 
unsuitable for structural purposes. However, they have properties that make them 
of interest to metallurgists. They are all good conductors of heat and electricity; 
they form alloys that are liquid at the melting point of ice; their very reactivity makes 
them valuable as scavengers; their ability to form high melting compounds with some 
metals has resulted in new methods of metal purification; some of them show definite 
promise as minor alloy constituents; and last, but by no means least, three of them 
are becoming very important in the new and rapidly growing field of electronics. 

THE ALKALI METALS 

The alkali metals, in the order of their economic importance as metals, are sodium, 
potassium, lithium, cesium, and rubidium. These metals are the most electropositive 
of all the elements. They are silvery white, soft, and malleable. The hardness 
decreases in the order Li, Na, K, Rb, Cs, Lithium, the hardest, is softer than lead, 
while sodium and potassium are readily kneaded in the fingers. All have the same 
crystal structure, a body-centered cubic lattice. 

They are only slightly affected by dry air, but in moist air they quickly become 
coated with layers of hydroxide and carbonate which are not protective. In the case 
of lithium, the nitride appears to form first and then is hydrolyzed by the atmospheric 
moisture. For this reason, they must be kept either in sealed containers or under an 
inert liquid such as kerosene. When heated in air, they react to form peroxides such 
as NaoOi and Lithium is an exception to this in that it forms .a mixture of 

o.xide and nitride, 

They react vigorously with water, alcohol, and dilute acids at ordinary tempera- 
ture, with the evolution of h3"drogen to produce either the hydroxides or the corre- 
sponding salts. These hydroxides are very soluble, strongly alkaline, and very 
caustic, and are the most stable known in that they can be heated to very high tem- 
peratures without dissociation. 

The salts of these metals are colorless, except when the acid radical is colored. 
Most of them arc readily soluble in water. The few notable exceptions are the car- 
bonate, jfiiosphatc, and fiuoride of lithium; the pjToantimoniate and some complex 
Tnet^Wurgist, DevitscVi & Loonam, New YorV. 
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the world, the most important United States deposits being in the New York-Penn- 
sylvania-Ohio area, in Michigan, along the Gulf Coast of Mississippi, Louisiana, and 
Texas, in Kansas, and in the western Virginia-West Virginia area. 

While some salt is mined by underground methods, the greater part is recovered 
by drilling wells, admitting water, and pumping the brine out. Considerable quan- 
tities of salt are also recovered from sea water by solar evaporation, from salt lakes, 
and from underground brines. 

Other sodium salts, such as the nitrate, sulphate, carbonates, and borate, are 
also found naturally in economic quantities. Of these, the nitrate and borate are 
valuable for their acid radicals, while the output of the others is small compared with 
supplies from other sources. 

Metallurgy. 1. Thermal , — Although sodium was first prepared by electrolysis by 
Davy in 1807, this method was to wait for over three-quarters of a century before 
being placed in commercial use, mainly because of the lack of large supplies of electric 
current. 

Meanwhile, thermal methods were developed. In 1808, Gay-Lussac and Thenard 
observed that metallic iron would reduce sodium hydroxide at high temperature. 
In the same year, Curaudau discovered that sodium carbonate could be reduced by 
charcoal. This process was brought to its highest state of development by H. Sainte- 
Claire Deville who used the metal in his process for producing aluminum. , He heated 
an intimate mixture of NasCOa, charcoal, and chalk in a horizontal iron retort and 
condensed the volatiUzed sodium in a specially designed condenser. This condenser, 
developed by Donny and Maresca in 1852, presented a large surface for radiation 
and was a considerable advance over those previously in use. The purpose of the 
chalk was to prevent the separation of the fused carbonate from the rest of the charge. 
Later it was found that the addition of iron or its oxide to the charge accelerated the 
reaction. 

Later, H. Y. Castner invented a process in which sodium hydroxide was reduced 
in iron retorts by highly carburized iron. This apparently was considered an improve- 
ment over the Deville process. 

Sodium can be liberated from its compounds by other reducing agents. Alumi- 
num, magnesium, and, probably, also calcium and calcium carbide will reduce the 
hydroxide at high temperatures. Calcium and calcium carbide will react with the 
chloride. Finally, 75 per cent ferrosilicon will reduce the oxide. This fact has 
become widely known in the last few years as a result of the use of this reducing agent 
for the production of magnesium. The sodium present in the calcined dolomite was 
reduced and volatilized. It condensed at a point nearer the end of the retorts than 
the magnesium and frequently ignited when the retorts were opened. An outstanding 
contribution of Dr. L. M. Pidgeon to the success of this process was his development 
of a condenser in which the sodium was collected separately from the magnesium and 
therefore had less chance of igniting the latter when it caught fire. 

2. Electrolytic Methods . — It has not yet been found possible to deposit sodium 
directly from aqueous solutions of its compounds. The reason for this is the high 
discharge potential of the metal compared with that of hydrogen. Theoretically, this 
difTerence could be overcome by using a solution in which the ratio of concentration 
of sodium ion to hydrogen ion is sufficient!}'' high or if a high hydrogen overvoltage 
could be secured at a sodium surface. However, even a saturated sodium hydroxide 
solution does not give the ion ratio required, and the greatest practical current densi- 
ties do not give the needed overvoltage. 

Sodium can be readily electrolyzed into mercury from aqueous sodium-salt 
solutions. ^ This is comparatively easy for two reasons: (1) the discharge potential 
V)f the sodium is lower because a dilute solution of the metal in mercury is produced. 
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and not the pure metal and (2) the hj drogen o\ en oltage at a mercury surface is high 
Thousands of tons of sodium are electroljzed into mercury from ^aC^ solutions m 
alkali chlorine cells e%cry year only to have the amalgam decomposed by reaction 
with water to produce caustic soda 

The possibility of recovermg the sodium bj distillation of the mercury from this 
amalgam has attracted the attention of enters for many years, and this interest 
contmues The chief difficulties apparently have been the large amount of mercurj 
to be distilled per unit of sodium produced, losses of mercury m the process, and the 
difficultj of removing the last traces of mercury from the sodium Howe\er, the 
apphcation of modern physicochemical methods maj overcome these and make 
the process commercially feasible One recent patent, ^ for instance, calls for cooling 
of the amalgam from the cell to crj stallise out a solid phase much richer m sodium, 
which IS removed by filtration and treated further while the impoverished mercury 
13 returned to the cell Another* describes the use of an alkalme-earth metal, such as 
calcium to remove the last traces of mercury from the molten alkali metal m a 
manner similar to the use of zme m the Parkes process 

At the present time, practically all metallic sodium is produced by the clcctroljsis 
of fused salts A great many ingenious cells hat e been designed for this purpose, some 
of them even reaching the stage of commercial operation, but only two, those of 
Castner and of Downs have stood the test of time 

The Castner Cell — The development of direct-current generatmg machmcr> 
during the seventies and eighties of the last century provided the large supplies of 
cheap clectnc pow or requu-ed for electrolj'tic processes H Y Castner patented his 
cell in 1890 It quickly displaced the thermal processes and reached a dominant 
position, which it held until about 192-1 w hen. the Downs cell appeared It is now 
no longer m use m the United States 

The cel! w bich is shown m Fig 1, consisted of a cast iron pot open at the top and 
with an opening at the bottom to which an iron sleeve was attached The iron 
cathode leadin passed up through this sleeve and w as held in place and insulated from 
it hj frozen electrolyte The cathode itself, the enlarged end at the top of the leadin, 
was also of iron The anodes were suspended from the cover of the cell, to which the 
positiv e lead w as attached, and were of iron or nickel, if of iron, the anode and cover 
were sometimes cast in one piece Through a hole m the center of the cover, and 
careluUy insulated from it vv as suspended another iron sleeve to the bottom of which 
was attached a cjlmder of iron or nickel gauze This cylinder aerved as a metal 
well and had a removable cover to permit removal of metal, while the gauze that 
hung between the electrodes prev ented the sodium from reaching the anode, smee its 
high surface ten«ion and its mabilitj to w et the gauze prevented it from passing through 
the meshes The cell cov er had openings for feed and for escape of gases 

The electrolyte was fused sodium hjdrovide This matenal has several advan 
tages its melting point is low, 318*C , it is not conosiv e to iron, and the anode product, 
oxygen, permits the use of iron or nickel as anode and requires no elaborate collecting 
Bjstcm 

The temperature of operation was kept as low as possible, not more than JO to 20® 
above the melting pomt of the bath, w hich w as low er than that of pure caustic because 
of the presence of impurities, including water The reason for this was that the 
current efficicncj fell off rapidly and became small at onlj sightly higher tempera- 
tures Lven at best, the efficicncj could have been no better than 50 per cent, as an 
amount of hj drogen equivalent to that of the sodium was liberated at the cathode 
This hj drogen ramc from decomposition of the water which was produced together 
•U 6 piletil S2248H 
•Brituh p»l«nt S05tl2 Miy 4 1039 
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with oxygen by the discharge of 0H“ ion at the anode and carried to the cathode. 
The solubility of water in NaOH at operating temperatures is considerable. The 
presence of this hydrogen necessitated the greatest care to prevent its mixing with 
oxygen and causing explosions. As it was, minor explosions were of frequent occur- 
rence owing to a number of reasons.^ 

During operation the liberated sodium was removed from the metal well by means 
of a perforated ladle which permitted the fused bath to drain off while retaining the 
metal. In actual practice, the current efficiency averaged about 40 per cent, while 
the cell voltage was about 5.0. The energy consumption was therefore about 6.6 
kw-hr. per lb. of metal. 



\\ Tjtfe Downs Cell. — The logical raw material for the production of metallic sodium 
is'^omnion salt. It is cheap and plentiful, chlorine can be recovered as a coproduct, 
and current efficiencies much greater than 50 per cent should be obtainable. On 
the other hand, it has a number of disadvantages; its melting point is high (803°C.), a 
temperature at which the vapor pressure of sodium, which is lighter than salt, is 
almost half an atmosphere; it rapidly attacks refractories; and the chlorine produced 
is difficult to handle. Its advantages were early recognized, and numerous attempts 
were made to overcome the difficulties. Some workers, such as Ashcroft and Carrier, 
tried to use a divided cell similar to the mercury caustic-chlorine cell. Molten salt 
was electrolyzed in one compartment with a graphite anode and a molten lead cathode. 
The chlorine given off at the anode was collected, while the lead-sodium alloy was 
caused to flow to another compartment containing molten caustic soda. Here it 
served as an anode with the result that the sodium was electrolyzed out of the alloy 
and deposited on an iron cathode suspended in the bath. Other workers, including 
McNitt and Seward and von Kiigelgen, attempted to produce the sodium directly. 

It remained, however, for J. C. DoAvns,^ in 1924, to solve all the difficulties involved. 
This cell, which is shown in Fig. 2, and which now accounts for hy far the greater 
part of the sodium produced in the United States, must be ranked with the Hall 
aluminum cell and the Dow magnesium cell as one of the most successful fused 
electrolytic ceils yet developed. It consists of a steel box lined with refractory and 
insulating brick. The graphite anode extends downward through the bottom of the 

1 Allmand and Ellinoham, “Applied Eicctrocheimsto’.’* p. 498. 

*U. S. patent 1501756 (1924). 
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tank to the electrical connections The cathode is an iron ring supported on mm 
leads that extend through the sides of the cell to the electrical connections Over 
the anode, and submerged m the electrolyte, is a conical bell which, according to the 
patent, may be of iron or refractory, for collecting the chlorine Surrounding the 
lower edge of the bell is an mverted annular launder, also submerged, for collecting 
the sodium Screens attached to the edges of this launder and extending dow-nnard 
on both sides of the cathode sen e to prevent the sodium from bemg earned an aj A 
riser attached to the top of the launder permits the metal to flow contmuously into 
an external sump The riser extends far enough above the bath level so that the 
metal, because of its low specific graiity, can overflow but the bath cannot The 
riser and sump also permit the metal to cool before it is discharged An opening in 
the cell cover is provided for chargmg 



Fig 2 — The Downs sodium cell (From Kicgel s Industrial Chemistry,” p 314, courtety 
of Reinhold PublisAinff Co ) 

The electrolyte is not pure salt but a mixture of this with calcium chloride These 
form a eutectic contammg 66 8 per cent CaClj and melting at 605'C The use of this 
mixture, with its lower melting point, permits lower operating temperatures with 
resulting reduced wear and tear on the cell parts The actual operatmg temperature 
IS around 600“C 

The metal deposited at the cathode is not pure sodium but an alloy contammg 
calcium The amount of calcium in the alloy is not known, but calculations based on 
the Ca. Isa. eiyiiJihcuun. diagjcam, and. tberm/vJ.yuwKuvi data, in/i'eabi. a e'weenA.'rat.’wn.ut 
1 4 per cent if the bath has the eutectic composition It may he higher than this but 
cannot exceed about 5 5 per cent, the solubihtj limit at 600’ 

It can be removed by cooling as its solubihty decreases rapidly as the temperature 
IS reduced becoming about 4 per cent at 400°, 2 per cent at 200°, and a \ ery low x alue 
at the meltmg pomt of sodium, 97 7’C If the cooling m the riser is considerable, an 
appreciable amount may cry stalhze out there and, because of its higher density, fall 
back mto contact with the electrolj te and react with it to reproduce the equihbnum 
alloy Other methods can also be used 11 E Hulse has patented* a method in 
which the calcium containing alloy is brought mto contact with solid salt, whereupon 
the calcium forms calcium chloride and sodium Fmallj , the method, mentioned 
above, of usmg calcium to remove mercury from sodium can probably be turned 
>n S patent 2224820 
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around; ix,, mercury can be used to remove calcium. In any case, the purity of the 
metal marketed leaves little to be desired as it is considerably better than 99.9 per cent. 

The chlorine produced by the cell is pure enough to be liquefied. 

The salt is very carefully puri^ed and heated to a high temperature to remove all 
possible water before being fed to the cell. In spite of this, some water gets in and 
causes minor explosions during operation. 

The current efficiency of the cell is high, probably better than 85 per cent. Man- 
tell^ gives the voltage as about 7. These correspond to an energy consumption 
of 4.4 kw.-hr. per lb. of metal. 

The sodium is cast into 1-, and 12-lb. ingots or “bricks” which are packed 
in removable head drums holding 280 lb. or in cases of 50 and 100 lb. Larger quan- 
tities are shipped in tank cars similar to those used for sulphuric acid and other 
industrial chemicals. The cars, made by the American Car & Foundry Co., and 
possibly by other manufacturers, hold 40 tons each. The molten metal is pumped 
into them, allowed to freeze, and remclted before unloading. This is probably the 
only case in which a metal has been shipped in such a manner. The low melting 
point, low specific gravity, and fairly large-scale production and use make this possible. 

Production and Prices. — According to T. P. Hou,^ there were two plants producing 
sodium in the United States, one at Niagara Falls, N. Y., and the other at Baton 
Rouge, La., with a total capacity of 120 tons a day as of the end of 1940. The world 
production for 1941 was estimated at 300,000 tons.® 

The present published price is 15 cents per lb., f .o.b. Niagara Falls, for untrimmed 
bricks. 

Uses. — The present important uses for sodium are based entirely on its chemical 
properties. Large quantities are made into a lead-sodium alloy for the manufacture 
of tetraethyl lead for high-octane gasoline. The alloy reacts with ethyl chloride in 
accordance with the equation 


Na 4 Pb + 4 C 2 H 6 CI = (C 2 H 6 ) 4 Pb + 4NaCl 


^ Aninf^rtant product, from a metallurgical standpoint, is sodium cyanide. When 
thcTnotal is heated in ammonia, it forms sodamide, and this, when treated with char- 
coal, yields sodium cyanide. Tliis high-grade product is used in electroplating and 
in heat-treatment of metals. 

^Vlien heated in excess air or oxygen, sodium does not form the normal oxide but 
goes over to the peroxide, Na202, a light yellowish-white powder. This substance is 
really a salt of hydrogen peroxide and is therefore a powerful oxidizing agent. It is 
manufactured on a large scale and is widely used as a bleaching agent and for the 
manufacture of other oxidizing agents such as sodium perborate. 

Sodium is also an essential raw material in the manufacture of a number of impor- 
tant organic compounds. 

Of interest to metallurgists is the fact that a small amount of sodium (0.05 per 
cent) added to aluminum-silicon casting alloys shifts the eutectic composition from 
tlic normal value of 11,7 per cent silicon to 14 per cent. The eutectic temperature is 
also lo%vered from 577 to 564'’C. By this treatment the microstructure of an alloy 
with 13 per cent Si, which would normally contain brittle primarj^ crystals of silicon 
in a ground mass of Al-Si eutectic, is transformed into one with primary crystals of 
aluminum in a ground mass of extremeU^ fine eutectic with a resultant improvement 
in physical properties, notabl}’’ in tensile strength and elongation. According to 


* “Industrial Electrochemistry.” 

- “Manufacture of Soda,“ 2d ed., p. 329. 

* ^ftneral Jnd., Vol. 50. p. 011. 
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Ednards, Frary, and JefTnes,* the optimum concentration of sodium la the alloj is 
0 014 per cent, but an excess must be added to allow' for lo'^ses 

Sodium IS an excellent conductor of electricity On a x olume basts its conductivity 
13 about 36 per cent of that of copper, but on a w eight basis »t is about 3 3 times as 
good Some years ago the Dow Chemical Co built an outdoor conductor of sodium- 
filled steel pipe, with a capacity of 4000 amp direct current An article* n as pub- 
lished describmg the installation, and it was stated that no appreciable increase in 
resistance was noted after 10 months’ service 

Addition of sodium to the mercury used in the amalgamation of gold ores some- 
times improves recoverj This w as also recommended at one time for platinum ores 
The sodium increases the abiUty of the mercury to wet the precious metals This 
same property is the basis of a recommendation that small amounts of sodium be added 
to metals used for hot-dip coatmgs 

The metal has been recommended as a heat-transfer medium because of its low 
melting point, high boiling point, and excellent thermal conductivity It is tom- 
pletcly mert m iron and steel in the ab'sence of air and moisture An interesting use 
in this connection is m airplane-enguie valves These arc made hollow and arc 
partially filled w ith sodium, which aids in keeping them cool by greatlj increasing the 
heat transfer from the head to the stem and thus to the lubricant 

Another use for the metal is the removal of arsenic and antimony from lead-tin 
alloys However, anyone usmg this process should remember that the dross formed 
wiU contam sodium aTsenide which reacts readily •with moisture, even that m the air, 
to form arsine, an extremely poisonous gas 

A very important application, although it accounts for only a small consumption 
of the metal, is the sodium- vapor lamp now widely used for highway lightmg In 
this lamp an electric current is passed through sodium vapor at low pressure, causing 
It to emit the well known D Imes of the sodium spectrum These lines account for a 
large fraction of the energy supplied and lie in the region of the spectrum to which 
the human eye is most sensitix e The lamp is therefore i erj efficient 

POTASSIUM 

This metal is much less important commercially than sodium 
Occurrence — Potassium is the seventh most abundant element m the earth’s crust 
according to F W Clarke, w ho states that it accounts for 2 58 per cent of the litho- 
sphere and 0 04 per cent of the hydrosphere These figures show an important differ- 
ence between this metal and sodium in that, although it is almost as abundant in the 
solid crust of the earth as the other, it is much less so m the waters, prmcipally, of 
course, the oceans This tendency of potassium to remain m or return to the sohd 
phase has the important consequence that large deposits of soluble salts of this metal 
occur TOJicfe. leas. cf* wyiyiOT* V-'un vpm , wta, 

thej are the chief commercial sources of the metal and its compounds 

The principal deposits of potassium salts are at Stassfurt, Germany, m Alsace, 
France, and in the area around Carlsbad, New Mexico Other sources that haac 
producer! commercial quantities are the nitrate beds in Chile w hich contain appreciable 
quantities and from which a nitrate high m potassium has been produced, underground 
bnnes at Salduro, Utah, Searlos Lake m California, and the Dead Sea in Palestine, 
the waters of which arc high m potassium salts and constitute the richest source in 
the Dniish Impire During the First IVorld Mar considerable quantities were 
recovered from cement plants. The potassium m the rock was xoiatdized m the 
kilns and recovered in Cottrell precipitators 

• *'Thei Atuminum Industry Vol II pp 72-75 209-215 

• Tran* flrrtrMtrin. Soc , tot 62 p 151 1032 
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The discovery of the Carlsbad deposits during the 1920^s was of extreme importance 
to the United States. It provided this country with its own supply of this important 
fertilizer and avoided the situation that occurred during the First World War when 
our supply from Germany was cut off. 

In the Stassfurt deposits, the potassium occurs as a number of complex salts from 
whi^ it is recovered by leaching and fractional crystallization. The working out of 
this process represents one of the first and one of the greatest triumphs of modern 
physical chemistry and the application of the phase rule. 

The Carlsbad deposits consist mainly of a mixture of sylvite, KCl, and halite, 
NaCl, although one mine contains a commercial deposit of langbeinite, K 2 S 04 . 2 MgS 04 . 
The two chlorides are separated by flotation in saturated brine. There are two 
processes in use; in one the halite is floated away from the sylvite, while in the other 
it is the sylvite that floats. 

Metallurgy. 1. Thermal — Potassium can be prepared by any of the methods 
used for sodium. Reduction by carbon, however, is complicated by the fact that, 
unlike sodium, metalhc potassium tends to combine with carbon monoxide to form a 
highly explosive compound of the formula K 2 C 2 O 2 . The metal vapor must be con- 
densed and the liquid metal cooled rapidly to a low temperature to avoid its formation. 
Rubidium and cesium act similarly to potassium. 

The dolomite supply of one of the magnesium plants using the Pidgeon process 
during the Second World War contained potassium as well as sodium. Both were 
reduced by the ferrosilicon with the result that a hquid Na-K alloy was condensed 
which could be tapped from the retorts by opening a valve. Consideration was given 
to recovering the potassium from this alloy by fractional distillation but, so far as is 
known, no actual production came from this source. 

The principal producer of sodium for general industrial use in the United States is 
making a commercial grade of potassium by treating one of its salts, presumably the 
chloride, with sodium. It would be difficult and expensive to prepare metal sub- 
stantially free from sodium by this process, but the crude product should be entirely 
suitable for most commercial purposes. 

2, Electrohjlic , — As in the case of sodium, potassium has not yet been deposited 
directly from aqueous solutions, but, also similarly to sodium, it can be electrolyzed 
into a mercury cathode. This could be the basis of a process for the recovery of this 
metal just as for the other but, judging from the patent literature, the interest has 
been much less than in the commercially more important sodium. 

The metal can be produced by electrolysis of its fused hydroxide. The Castner 
sodium cell, however, is not suitable for tliis purpose as it does not provide sufficient 
protection of the metal from the air since potassium is much more reactive with 
oxygen than sodium. On the other hand, as von Hevesy^ showed, if suitable pre- 
cautions are taken, higher current efficiencies can be secured with this metal than 
with the other, as its solubility in its hydroxide is less and its rate of diffusion lower. 
He used a cathode surrounded by a magnesia crucible to protect the metal from the 
am. 0. P, Watts^ describes a laboratory experiment for making potassium which is 
based on von Hevesy’s work. He recommends thrusting an iron wire cathode 
through the bottom of a magnesium oxide crucible and inverting this in the fused KOH. 
A piece of sheet iron is used as an anode. There are explosions when the current is 
first turned on owing to reaction of the potassium with the air in the crucible. The 
author states that a current efficiency of about 58 per cent has been obtained with 
this arrangement. 

BUktrochem,, Vol. 15, p. 539, 1909. 

***A Laboratory Course in Elcctroobcmistr>\'* 
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The production of potassium by electrolysis of its fused chloride presents a number 
of difficulties, one of ohich is the fact that its boiling point is about the same as the 
melting point of the chloride (774®C ) Because of the strongly electropositn e 
nature of the metal, there are relatively few salts that could be added to the bath to 
reduce its melting point without fear of contammation Potassium fluoride, which 
forms a cutecUc with the chloride having a meltmg point of C05®C , appears to be the 
most promising with barium chloride (melting point of eutectic 660®) a possibility 
and potassium bromide suitable for laboratory work A Matthiesscn claimed, in 
1855, that he obtamed potassium free from calcium by electrolyzing an “equunolec- 
ular” mixture of pota«sium and calcium cWondes but there is some reason to doubt 
this Although hts mixture probably contamed OSJ-g molecular per cent KCl (calcium 
was considered to have a valence of one at that time), Moldcnhauer and Anderson* 
recoiercd a product that was chiefly calcium from a bath con taming 69 molecular 
per cent KCl, although there was evidence that some potassium w as formed 
Lumeman produced the metal by the electrolysis of fused potassium cyanide 
Production, Pnees, and Use — Tliere is no information available regardmg prodac 
tion and prices Tlie metal has no large scale application Its high equisalent weight 
and high price compared with sodium discourage its use even where its greater reactiv- 
ity would cause it to be prefeired Increased availability may, however, change 
this situation 

One important use, which however, accounts for only a minor consumption, is 
that m photoelectric cells The photosensitivity of potassium extends mto the visible 
region of the spectrum and is superior to that of sodium in this respect and, although 
inferior to cesium and rubidium, the metal is much more plentiful 

Sodium and potassium form alloys that are liquid at ordinary temperatures 
That with the low est melting point, — 12 5®C , has the composition 22 7 per cent 
sodium and 77 3 per cent potassium These alloys have been suggested for use in 
high temperature thermometers 


LITHIUM 

Lithium 13 the liglitcst of all the metals Although it is definitely a member of the 
alkali group, it resembles the alkaline earths in some of its properties, such as the low 
solubilities of Its earhonatc, fluondc, and phosphate and its formation of a stable 
carbide and sihcide 

Occurrence — Although generally considered a rare element, lithium is really as 
abundant in the earth 8 crust as zinc and more so than such common metals as lead 
tin, cadmium, and antimony However, it is widely distributed, and there ore 
comparatively few w orkablc deposits 

Spoduinettc, LtAl(StOi)t, and the /ithia micas, fepidoite and zinnwafdite, are 
economically the most important lithium minerals Spodumenc, which contains 
aliout 3 to 8 per cent LijO, is the chief source in the United States It is mined m 
South Dakota and m North Carolina near Kings Mountain In both localities, it 
occurs associated with other minerals and is recovered by flotatian According to 
Bowles * mill capacity for spodumenc concentrate was 2000 tons a month at the end 
of HM3 Another important source is Scarlcs Lake brine from which lithium sodium 
phosphate 13 recovered About 300 tons of this material was shippeil m 1938 Some 
Icpidolitc 13 also produced in the United States, but most of this goes directly into 
glass and ceramic manufacture, very little being used for the production of lithium 
salts 

• 2 £7<*<roe*m,\ol 1<» p 1913. 

J/rf.. twL 23 p 85 1944 
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Lithium is extracted from silicate minerals by heating a mixture of the finely 
powdered material with an excess of potassium sulphate to a moderate red heat, care 
being taken to keep the temperature below the melting point of any of the constituents 
of the mixture.^ An exchange reaction takes place, the potassium replacing the 
lithium which is converted to a soluble sulphate* The cooled mass is leached with 
water and the lithium precipitated from the solution as the carbonate, from which 
other salts can be made. 

F* Fraas and 0. C. Ralston, at the U. S. Bureau of Mines, recently worked out a 
process* in which spodumene is mixed with calcium chloride and lime and heated in 
a rotary kiln. The lithium is volatilized as chloride and is collected in scrubbers and 
Cottrell precipitators. No information is available as to whether this process has 
yet been applied commercially. 

Metallurgy. 1. Thermal . — Unlike the other alkali metals, lithium oxide or 
carbonate cannot be reduced to metal by carbon siilce a stable carbide is formed. 
Mellor^ states that metallic calcium will reduce the chloride but that the resulting 
alloy contains 3 to 4 per cent calcium which is difficult to separate. He also states 
that the hydroxide cannot be reduced by magnesium because the reaction proceeds 
with explosive violence. This is to be doubted. Hackspill and Pinck^ found that 
magnesium, aluminum, and iron reduce lithium oxide in high vacuum. The reaction 
with magnesium takes place at 450®, with aluminum at 1150®, while that with iron 
is incomplete at 1300°. 

Thermal processes have so far not been important in the metallurgy of lithium. 
Unlike sodium and potassium, commercial production developed after the introduc- 
tion of the electric generator, 

2. Electrolytic . — ^Like sodium and potassium, lithium has not been deposited 
directly from aqueous solutions. However, as in the case of the other two, amalgams 
can be prepared. 

At the present time, the metal is produced commercially by the electrolysis of its 
fused chloride. According to Osborg (op. cii.), the pure chloride is unsuitable even 
though it has a comparatively low melting point, 610°. The voltage soon rises and 
electrolysis ceases. However, the addition of KCl overcomes these difficulties, and 
this bath operates continuously in large units and at high yields. Current efficiency 
is high, over 90 per cent, and the lithium recovery, based on LiCl fed, is over 95 per cent. 

To ensure pure metal, the chloride must be pure, the cells constructed of materials 
that are not attacked by the highly corrosive bath, and the metal itself protected from 
the nitrogen of the air with which it readily combines. As a result of controlling 
tliese factors, the purity of the metal has reached 99.5 per cent with a nitrogen content 
of 0.03 per cent. The lithium chloride should be free from water before it is added 
to the cell. Izgaruishev and Plctnev® as a result of work with a 225-amp. cell recom- 
mend a 1 : 1 mixture of LiCl and KCl as electrolyte with iron cathodes and graphite 
anodes. They give the cell voltage as 17, current efficiency as 85 per cent, and the 
dircctz-current power consumption as 34 kw.-hr. per lb. (75 kw.-hr. per kg.). The 
voltage appears to be much too high. 

An interesting method of preparing lithium is due to L. Kahlenberg.® He elec- 
trolyzed a concentrated solution of LiCi in pyridine. Using a carbon anode and a 
bright iron cathode, and a current density of 0.2 to 0.3 amp. per sq. cm. (1.9 to 2.8 
amp. per sq. ft.), he secured a dense, silver white, adherent deposit of metallic lithium. 

* OsnoRO, monoRraph “Lithium,” Electrochemical Societj, 1935, 

* Bur. Mines Kept. Intesligaiions 3344. 

* ** Comprobensivo Treatise on Inoreanic and rhj*sical Chemistry,” Vol. 2, p. 450. 

< Bull. soe. chinx. Prance. Vol, 49, pp. 51-70, 1931. 

^ Izteinuie Metal, p. 530, 1032. 

« Jour. Phxts. Chevx,. Vol, 3, p. COl, 1899. 
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The potential drop across the cell -o as 14 \ oUs Lithium chloride is verj soluble in a 
number of orgame soh ents 

Production, Prices, and Uses — No published information as to production has 
been found smce 1929, when it waa stated^ that the United States production was 
100 lb per da> It has probably mcreisod smce that tune According to reeent 
quotations, the price for 98 to 99 per cent metal is $15 per lb m lOO-lb lots 

Osborg (op ctl ) lists a large number of possible uses for lithium Among these 
are the preparation of oxjgen free copper of high electrical conductivity and the 
degassing and purification, of copper and copper base alloy casting Master allojs 
are commerciallj available for greater convemence m adding the bthium Other 
suggested uses are the treatment of iron and stainless steel and as an alloying constit- 
uent with alummum, lead, magnesium, and zinc Some years ago, a lead base bear- 
ing alloj was developed m Germany and found extensive use Called “B-Melal ’ it 
contained apprommately 0 04 per cent Li, 0 66 Na 0 73 Ca, 0 03 K, less than 0 2 per 
cent Al, balance lead An aluminum-baie alloy, Scleron, which contained bthiiim, 
was also placed on the market m Germanj for structural uses Its composition was 
83 Al, 12 Zn, 2 Cu 0 5 to 1 Ain, 0 5 Fe, 0 5 Si, 0 1 Li 

An interesting compound of lithium, prepared by heatmg the metal in hydrogen, 
13 the hydride, laH, to which reference was made in the mtroduction to this section 
It 13 a solid with a melting point of 680“ and reacts with water to liberate hydrogen 
It has been proposed as a means of transporting this gas, as 1 lb , reacting wuth water, 
yields about 45 cu ft , at ordmary temperature and pressure It also reacts readily 
with other substances 

The metal also has possible applications m organic chemistry 
A recently announced metallurgical use for Lthium compounds is their addition 
to the atmospheres of steel heat-treating furnaces It is claimed that their presence 
pretenta scaling and decarbunzation of the steel during treatment 

CESIUM 

Oesmm is the most electropositive and the most reactive at ordinaiy temper 
atures of all the metals 

Occurrence — Cesium ls tlie rarest of all the elements considered in this chapter 
It IS present in the earth's crust to the extent of about 0 OOOOOS per cent, approxi- 
mately the same ns cadmium, mercury, and iodine It is widely distributed and 
occurs m some nuncral springs and m mmutc amounts m sea water 

The principal mineral source is pollucite, HjCsjAldSiOi),, the only cesium mineral 
known It occurs on the island of Elba, where it was first discovert 

For a time the only commercial deposit m the United States was in Maine, but in 
1938, an important strike at the Tin Mountain mme m South Dakota was announced * 
Ity the end oT that year, over 100,000 Ib of ore containing 1 to 30 per cent CsiO had 
been produced 

Cesium can be extracted from the finely ground mineral by digestion with strong 
hydrochloric acid The resultant solution is treated with a solution of antimonj tr>- 
chlonde to precipitate the cesium as a complex chloride 

Lepidohte frequently contains significant amounts of cesium which can be recov- 
ered as a by-product when the mineral is treated for lithium 

Metallurgy, 1 Thtnnal — Cesium metal can be produced by reduction of the 
carbonate with carbon, but bkc potassium, it forms an explosive compound with car- 
bon monoxide It can also be prepared bj reduction of the chloride with calcium or 
calcium carbide or of the hj droxulo with aluminum or magnesium In alt these pro- 
•jrii.ii.ff Vrt tol H p 47 1930 
< JTininff JTel , tol SO p 9 1939 
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cesses the metal is liberated as vapor and condensed. Reduction of the chloride by 
calcium, which has been described by Hackspill,^ appears to be the sunplest process 
as no gas is evolved and the entire operation can be conducted in a vacuum. Pol- 
yakov and Fedorov^ tried calcium carbide instead of the metal and obtained 75 per cent 
recovery of the cesium as metal. However, the reduction of the hydroxide by mag- 
nesium, investigated and fully described by Erdmann and Menke^ and by Richards 
and Brink, ^ appears to be equally efficient provided certain precautions are observed. 
The reaction is carried out at a red heat in an iron tube through which a current of dry 
hydrogen is passed, and care must be taken to avoid too rapid heating and to maintain 
a flow of hydrogen. * 

Hackspill and Pinck^ found that the sulphate, arsenate, thiocyanate, and other 
salts could be reduced by iron in a vacuum. The sulphate and arsenate were reduced 
at their melting points, the thiocyanate at 650®, while the borate and phosphate 
required temperatures of 1300 to 1400® G. 

2. Electrolytic , — As in the case of potassium, cesium amalgam can be prepared from 
aqueous salt solutions, but the metal itself has not been deposited. It has been pre- 
pared by electrolysis of a fused mixture of cesium and barium cyanides. 

Production, Prices, and Uses. — There is no available information as to production 
and prices. However, the total United States production of the metal and its salts 
probably does not exceed 500 lb. per year. Small though this is, it is very important 
because of the uses of the metal in electronics. Cesium is the only metal that gives 
off electrons when it is exposed to visible light of all colors. It is therefore widely used 
in photoelectric cells. Furthermore, by depositing exceedingly thin layers of cesium 
and oxygen on silver, a surface is obtained that is not only much more sensitive than 
one of pure cesium, but its sensitivity extends far into the infrared region of the 
spectrum. Because of these properties, this surface is used in the modern television 
camera and in “black light “ signaling devices. 

Another valuable property of the cesium-oxygen-silver surface is its efficiency as a 
secondary electron emitter. ^Yhen struck by an electron, it gives off as many as nine 
secondary electrons, and it is therefore used in an extraordinary amplifying device 
called the “electron multiplier.” Amplifications of as high as 5 million have been 
obtained in 10 stages with this instrument. 

RUBIDIUM 

Rubidium is the least important, economically, of the alkah metals. 

Occurrence. — Rubidium is about ten times as abundant as cesium, but up to the 
present, no mineral of which it is a major constituent has been found. It has been 
found in sea water, mineral springs, carnallite from the Stassfurt deposits, and in 
lepidolite. The last is the principal source, but reasonable quantities could be recov- 
ered from the Stassfurt mother liquors if a demand were to develop. 

Metallurgy. — The methods described for the preparation of metallic cesium apply 
equally to rubidium with only one possible exception, the electrolysis of the fused 
cyanide. However, rubidium has been prepared by the electrolysis of its fused 
hydroxide. 

Production, Prices, and Uses. — There is no published information about produc- 
tion or prices. The metal has no use of any importance. It suffers from the fact 
that most of its properties are intermediate between those of potassium and cesium. 

I Compi. rend., Vol. 141, p. lOG, 1905. ^ 

»Jour. Applied Chem. (U.S.S.H.), Vol. 13, p. 1833, 1940. 

* Jour. w4m. Chern. Soc., Vol. 21, p. 259, 1899. 

< Jhid., Vol, 20, p, 125, 1907. 

• Bull. »oc. ehim., Vol, 40, p. 54, 1031. 
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THE ALKALINE-EARTH METALS 

The alkalme-earth metals, in the order of their economic importance, are calcium, 
barium, and strontium Eadium also belongs to this group, but it will not be dis- 
cussed m this chapter as it is important for its radioactive properties and is used only 
in the form of its salts {See Chap XXIII ) 

These metals are gilverj white, malleable, and comparatively soft, although cal- 
cium, probably the hardest, is considerably harder than lead Although second only 
to the alkali metals in electropositive character, they differ markedly from them They 
have much better physical properties, higher melting and boiling points, and arc 
generally less reactive at ordmary temperatures Calcium, for mstanco, is moder- 
ately stable in the air, decomposes water only slowly, and is not attacked by alcohol 
However, reactivity increases with atomic weight, and barium is about as active as 
lithium 

Strangely enough these metals are not so easy to produce as those of the alkali 
group There are a number of reasons for this, among which are their high melting 
and boding points, their great reactivities at high temperatures, and the fact that they 
form stable carbides, nitrides, and sihcides It is even more difficult to punfy them 
as, m the liquid state, they dissolv e not only other metals but also their own nitrides 
and sJicides Indeed it is only m recent years that even calcium has been prepared 
reasonably free from mtrogen As a result only the latest determinations of physical 
properties are likely to be rehable The situation is even worse in the cases of stron- 
tium and barium 

The salts of these metals, Lke those of the alkahes, are generally colorless except 
where the ncid radical is colored On the other hand, many more of them are insoluble 
or only sparingly soluble Among the most important compounds in this class are 
the hydroxides, carbonates, fluorides, sulphates, and silicates Because of the less 


Table 2 — Physical Properties of Alkali ne-e a nni Metals 



Ca ^ 

Sr 

Ba 

Atomic weight 

40 08 

S7 63 

137 36 

Specific gravity 20°C 

Coefficient of expansion per "C at room 

1 54 

1 ^ ^ 

3 S 

temperature, X 10-* 

25 



Melting pomt, *C 

851 

1 771 

704 

Boilmg pomt, ®C 

1487 

1384 

1638 

Heat of fusion, cal per g 

55 7 

25 0 

10 2 

Heat of vaporization, cal per g 

911 

383 

260 

Specific heat, room temp , cal pe g 

0 157 


0 68 

Electrical resistivity, ^ 0°C 

3 43 

22 76 (20’’) 


Ultimate tensile strength, lb per sq m * 

6300 


Proportional limit, lb per sq in 

1500 



Elongation, per cent 

53 



Reduction in area, per cent 

62 



Hardness, Brmcll 

13 



Modulus of elastjcily, Jb per sq m 

2,900,000-, 

3,700,000 




» Microliins per cenlimeter-cut* 

• Mecbanieal properties Sre from Nat Bur Standardt Ctre C 447 and were determined on distilled 
metal containing 99 3 per cent Ca 0 14 per cent 0 02 per cent Pe 
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electropositive character of these metals, their salts with weak acids are more readily 
decomposed and those with strong acids show some tendency to hydrolyze in the 
presence of water. The hydroxide and carbonate of calcium, for instance, are readily 
converted to the oxide by heating, and it is difficult to prepare anhydrous calcium 
chloride because of hydrolysis. However, the metals become more electropositive 
with increasing atomic weight, and barium salts are much more stable. To convert 
barium carbonate to the oxide, it must be heated with coke to reduce the carbon 
dioxide, and barium chloride can be readily dehydrated. 

These metals form saltlike hydrides and dissolve in liquid ammonia like the alkali 
metals. Their salts impart characteristic colors to the Bunsen flame. 

Physical Properties.— All these metals crystallize in the cubic system at ordinary 
temperatures, calcium and strontium with face-centered lattices and barium with a 
body-centered lattice. Calcium and barium show polymorphism. The transition 
point for calcium is at 450°C., with a possible second one at 300°, while that for 
barium is at 375°. The high-temperature form of calcium is hexagonal, close packed. 
So far, no evidence of a transition has been found for strontium. The physical proper- 
ties of the metals are summarized in Table 2. 

CALCIUM 

This metal is the most important of its group. 

Occurrence. — Calcium is the fifth most abundant element, constituting, according 
to F. W. Clarke, 3.64 per cent of the earth’s crust. The most important source of the 
metal and its compounds is, of course, calcium carbonate in its various forms, lime- 
stone, marble, my^tecshells/ Large deposits of these materials are found in all parts 
of the globe. Other calcium minerals occur in economic quantities, but except for 
calcium fluoride, the mineral fluorite or fluorspar, which is sometimes added to the 
electrolytic bath, none are important in its metallurg.y. 

Calcium carbonate, when heated to a high temperature, gives off carbon dioxide 
and is converted to cal^um-^oxide,-quicklime,*“ or simply lime, the most important 
industrial alkalir Thousands of tons of lime are made daily in rotary kilns and shaft 
furnaces. 

Some 2 to 3 million tons of calcium chloride a year are potentially available in the 
residual liquors from the ammonia-soda or Solvay process. Some is recovered for a 
number of uses, but the greater part is run to waste. 

The raw materials for calcium production are therefore abundant. 

Metallurgy. 1. Thermal . — Calcium can be prepared by a number of thermal 
methods. jMoissan made it by heating the anhydrous iodide with sodium to produce 
a sodium-calcium alloy. Treatment with alcohol dissolved the sodium, leaving calcium 
of about 99.3 per cent purity. 

According to a number of recent patents,^ calcium can be produced by heating 
calcium oxide with silicon or aluminum in an evacuated retort in a manner similar to 
the production of magnesium. As in the other process, the addition of a small 
amount of a fluoride, 0.5 to 5 per cent, is said to promote the reaction. That calcium 
can be produced in this way is not surprising, as Gunz and Matignon used it to produce 
metallic barium over thirty years ago. 

A recent United States patent- claims that the reduction with silicon can be carried 
out in an arc furnace. 

The fact that lime can be reduced with silicon probably means that it can also be 
reduced b> calcium silicide, an electric-furnace product, with resulting increased yield, 

'British patent 497772, Dec. 28. 1938, to Magnesium Eloktron, Ltd.; French patent 830187 to 
I. G. ratben, 

* U. 8. patent 2225536. 
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and that the silicide itself wiU dissociate on heating in vacuo to produce calcium and 
silicon 

As a result of the experience gamed with magnesium, these processes may become 
■very important as sources of calcium m the not far distant future One advantage of 
calcium over magnesium lies in its higher equivalent weight 20 lb of calcium requue 
only as much reducmg agent as 12 lb of magnesium at the same efficiency 
Mhc metal can. also be produced by reduction of lime n ith carbon ^This is far more 
difficult and complicated than in the case of the alkali metals and, so far as is known, 
has not been worked on a commercial or even on a large pilot-plant basis The method 
IS a two-stage one '\Yhen hme and coke are smelted in an electric furnace, the prod 
uct IS calcium carbide ' This is produced on a large scale as a source of acetylene and 
other products It has been known for some time that, when heated to a very high 
temperature calcium carbide dissociates into graphite and calcium vapor The vapor 
pressure of the calcium has been measured Recently, Manderli Moser, and Tread 
well^ produced compact calcium by heatmg the carbide to 1600 to 1800*0 in a 
vacuum 

vllanawalt Nelson, and Ward* have patented processes in which calcium carbide 
13 heated with calcium silicide or w ith metallic iron The calcium distills off, leaving 
a residue of silicon carbide or of carburised iron 



Calcium carbide is now bemg used to make calcium lead alloys By heating it 
with lead under a chloride flux alloys contammg 3 to 4 per cent calcium are obtained 
2 Electrolytic — Calcium like the alkali metals, has not been deposited from 
aqueous solutions, but, also like them, amalgams can be produced by using a mercury 
cathode A crude metal, probably a hjgh-calcmm amalgam, has been obtained in 
this way on a small scale 

Most of the commercial calcium on the market at the present time is produced by 
the electrolisis of its fused chlonde This is not an easy operation It is difficult to 
prepare the anhydrous chlonde free from basic salts and oxide, and apparently, it 
has not yet been found possible to run a calcium cell on hjdrated feed as is done 
with magnesium Another difficulty is the high roeltmg point of calcium (851®C ) 
Although this 13 reduced to the neighborhood of 800°C by impurities, the bath would 
have to be operated at about 900* if liquid metal w ere to be tapped off, a temperature 
at which the metal reacts vigorously with air to form oxide and nitride which rapidly 
thicken the bath and render it useless Furthermore at this temperature, the metal 
rapidl} diffuses through the bath becomes chlormated at the anode as rapidly as it is 
deposited at the cathode, and electrolj’^is soon stops Attempts to operate below 
the melting point of the metal j leld only a voluminous sponge which grows rapidly 
to the anode and is so full of electrolyte that it is of little or no value 
> Ildvettca Chtm Ada Vol 27 p 105 1944 
•U S patent* 212'’419 2122420 212244R 
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The electrodeposition problem was solved by Rathenau with his contact cathode. 
This is a round steel bar or pipe which is placed vertically in the cell and can be moved 
up or down* It may be water cooled. In operation it is set so that its lower end 
just touches the surface of the bath. The resultant high current density raises the 
temperature in the neighborhood of the cathode above the melting point of calcium, 
causing the metal to be deposited m the molten state. If conditions are correct, the 
calcium wets the steel and will adhere to it when it is raised. This is done slowly, and 
the metal solidifies a short distance above the bath level. Continuation of the 
upward movement causes more metal to be drawn up and to solidify so that a vertical 
rod of calcium is slowly built up. The lower end of the calcium, therefore, quickly 
becomes the real cathode, the steel serving merely as a lead for the current. The 
metal, as it leaves the bath, becomes coated with a thin layer of molten electrolyte 
which soon solidifies and serves as a protective coating. As electrolysis proceeds, tlie 



lower end of the calcium becomes larger until an equilibrium size is reached, with the 
result that the deposited metal acquires a roughly conical shape. Because of this 
shape, the lump of crude metal is known as a carrot/' 

The speed with which the cathode is raised is critical. If it is much too great, 
contact is broken immediately. If not quite so ereat, the deposit becomes smaller in 
diameter, the current density and temperature rise, the metal stays molten farther 
above the bath level, convection currents become more violent, and eventually contact 
is broken. If too slow, the temperature drops below the melting point of the metal 
and a spong}^ deposit is obtained. In the early days of calcium production, regulation 
of the cathode was manual, but recently automatic controls have been developed. 

Wien the cathode has reached the end of its travel upward, electrolysis is stopped, 
the carrot is removed, the steel cathode lowered, and the process repeated. The 
carrots produced from the latest cells range in size from 7 to 14 in. in diameter and 
7 to 25 in. in length.* 

The anode material is graphite. Some experimenters have recommended that 
t lie cell lining be made of this material and used as the anode, but Brace^ used separate 
anodes which could be moved about to control the voltage drop and therefore the 

' KtNtnu, Mining Mil,, Vol. 22, p. 48S, 1041. 

* Trons. Elrctrochcm. Soc,, Vol, 37, j), 4Co, 1920. 
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temperature of the bath to some extent independent^ of that at the cathode The 
largest United States producer adopted this idea in a pilot plant cell, but it la not 
known whether it is being used on a large scale 

Tie efectrofyte used m commercial £«ropean practice is a mixture of calcium 
chloride and fluoride Some n orkers have recommended potassium chloride, instead 
of calcium fluoride, while Frary, Bicknell, and Tronson,i and Brace prefer the pure 
chloride on the basis that the meltmg point of the bath should not be too far below 
that of the metal According to Mantell and Hardj * the operating temperature of 
the bath is betn een 780 and 800“C Thej aUo state that the bath must be skimmed 
at intervals and occasionally discarded owing to accumulation of impurities 

Cells vv ith capacities up to 10 OOO amp are now m operation in the United Stales 
Thej are probablj more efficient than the smaller Luropean celk vvluch have an 



Fig 5 — A calcium carrot {Courtesy of Dr A B Kinsel ) 


energy consumption of about 23 kw -hr per lb of metal produced However, a 
higher energy consumption is inherent in this process owing to the large potential 
drop at the contact cathode 

The present calcium cell has a number of disadvantages m addition to the high 
^nergj consumption The large production of heat in the cell seriously limits its 
size, as this heat must be radiated Because of the contact cathode the top of the 
cell cannot be closed m and the chlorme must be swept out with a current of air The 
dilution of the chlorme makes it unavailable for liquefaction an important item since 
about 1 75 lb are produced per pound of metal, and m addition presents a serious 
disposal problem Furthermore, the current of air not only carries off considerable 
quantities of electrolyte as spray, but its water vapor and oxygen are probably chiefly 
responsible for the defenoration of the bath 

The carrots produced m the United States^ contain only about 85 per cent metal, 
most of the remamder being electrolyte To remove tins they are melted and cast 
into various shapes in an atmosphere of argon The product contains 95 to 97 per 
cent calcium A higher grade of metal is produced by distillation m a retort at high 
vacuum Sodium m the crude metal caused trouble m this operation by distilhng 
over with the calcium and igniting when the retort was opened but this difficulty 
was soon overcome through experience 
*Tran* Sleetraehem Soe Vol IS p 117 1010 
« <t Alloiia Vol 10 p 55 1939 
• BvatST, CAein Eng Kevn Vol 22 p 921 1914 
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Production and Prices.— Prior to 1939, practically all the calcium used in the 
United States was imported from Prance. The amount of these imports, taken from 
the ‘‘Minerals Yearbook,” are shown in Table 3. Production in the United States 
began in the summer of 1939, has grown rapidly, and is now probably more than 

Table 3. — Imports of Calcium 



Weight, 

Year 

Pounds 

1937 

23,767 

1938 

41,299 

1939 

41,718 

1940 

11,900 


500,000 lb. per year. Prices have remained steady for the last few years at SI. 25 a 
pound for 97 to 98 per cent metal in ton lots. Available forms are slabs of various 
sizes and cylinders, either with or without a central steel pipe, and turnings. 

Uses. — Calcium has a number of important uses. It is added to magnesium 
alloys to the extent of about 0.25 per cent to refine grain, reduce tendency to take fire, 
and to simplify heat-treatment. Its property of reducing the tendency to take fire 
is so pronounced that specifications placed very low limits on the amount permissible 
in incendiary-bomb alloy. Its effect on heat-treatment is observed in those alloys 
containing zinc. In its absence, a two-stage treatment is necessary, one at a tempera- 
ture below the melting point of the zinc-bearing constituent to dissolve this, and 
another at a higher temperature to dissolve the aluminum. In its presence, only the 
high- temperature treatment is necessary. 

Calcium is added to lead to harden and strengthen it. Its solid solubility in lead 
is 0.10 per cent at the melting point and decreases rapidly with the temperature 
with the result that precipitation hardening takes place. ‘-The alloy, which contains 
less than 0.25 per cent calcium, is used for cable sheaths and has been recommended 
for storage-battery grids and other purposest^ Master alloys containing up to 5 per 
cent calcium, the balance lead, are on the market and are made by electrolysis of fused 
calcium chloride with a molten lead cathode, or from lead and calcium carbide. 

Calcium and magnesium are used in the Betterton process for removing bismuth 
from lead. They form compounds with bismuth, which are insoluble in lead just 
above its melting point and form a dross which is skimmed off. 

'The metal is an excellent scavenger. It reacts readily with oxygen, nitrogen, 
sulphur, carbon, and many of their compounds. It has therefore been recommended 
as an addition to both ferrous and nonferrous alloys. Its affinity for oxygen makes it 
a powerful reducing agent, and Marden and Rich have worked out a process in which 
it is used to reduce the oxides of vanadium, uranium, thorium, and other refractory 
metals. Calcium chloride is added as a flux. The metals produced are malleable 
and ductile and fully equal in properties to those made by the action of sodium on the 
anhydrous chlorides which arc difficult to prepare and to handle. 

Calcium hydride is being made commercially by the action of hydrogen on the 
metal and is being used for the reduction of refractory oxides, such as those of titanium, 
zirconium, and uranium, to produce commercial grades of these metals and their 
alloy's with the more common metals. 

BARIUM 

Barium is the eighteenth most abundant element, being present in the earth’s 
crust to the extent of about 0.04 per cent. Its principal minerals are the sulphate, 
barite, and the carbonate, witherite. Witherite is preferred as it is readily soluble 
in acids Vo form other barium salts, but barite is more available. To produce other 
barium salts from barite, it is heated in a rotary Igln with carbon to reduce it to the 
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sulphide which is dissolved in water and treated with carbon dioxide gas or with soda 
ash to precipitate the carbonate As already mentioned, barium carbonate is not 
readdy converted to oxide To accomplish this it is mixed with carbon and heated, 
with the result that the carbon dioxide is reduced to monoxide and goes off 

Barium chloride is readily prepared by dissolving the carbonate m hydrochloric 
acid It can be readily prepared m the anhydrous state as it is not nearly bo soluble 
as calcium chloride and crystallizes w ith only two molecules of water which can be 
driven off at a low temperature without hydrolysis 

Metallurgy 1 Thtrmal — Barium can be produced by reduction of the oxide with 
aluminum m an evacuated retort Guntz^ used this method m 1906 A reference 
to a Russian article* gives some details of the process A vertical retort is equipped 
ivith a water-cooled condenser and heated by an electric furnace The apparatus is 
23 cm m diameter at the bottom and 50 cm high The temperature of distillation is 
lOSO’C and the yield per batch, 304 g of metal contammg 99 41 per cent banum 
and a total of 0 071 per cent copper manganese and aluminum The condensed 
barium is removed m a carbon dioxide stream and sealed m iron cylmders The 
same apparatus can be used for production of barium, magnesium, strontium, and 
calcium and their alloys 

The barium is usually recovered as a solid in this process, but a recent patent * 
specifies keepmg the condenser at a temperature between 730 and SOCC , whereby 
the metal is condensed to hquid and, still under vacuum, allowed to run to a receiver 
where it solidifies Another French patent* specifies a ratio of banum oxide to 
aluminum of 4 2 and states that up to 2 per cent banum fluoride may be added to 
promote the reaction The patents to which reference was made m discussing the 
reduction of calcium by alummum also cover banum 

Danner* describes a variation of this process in which an oxide contammg about 
10 per cent banum peroxide is used The reduction reaction is carried out m a 
separate vessel, the heat required bemg supphed by the reaction of the peroxide with 
part of the alummum The banum is recovered from the resultmg sintered mass bj 
distillation tn vacuo 

Matignon' found that banum oxide could also be reduced by silicon He used 
a mixture contammg three parts of the oxide to one of silicon, formed the mixture into 
briquettes, and heated at 1200®C in an evacuated steel tube The metal obtained 
was 98 5 per cent pure, and the residue m the retort contamed banum silicate In 
another expenment he used 90 per cent ferrosdicon with equally good results 

All the patents referred to above also cover the use of sihcon as a rpducmg agent 
The ratio of barium oxide to sihcon is given as 4 1 * 

2 EUctrolytic • — As in the case of calcium, banum has not yet been deposited from 
aqueous solutions However, an amalgam can be made, and Guntz* first prepared 
a comparatively pure banum metal in this way He heated the amalgam to dnvc off 
moat of the mercury, heated the residue in hydrogen to convert the banum to the 
hydnde and drive off the rest of the mercury, and finally decomposed the hydnde 
in vacuo at a high temperature, the banum metal condensing on a water cooled surface 
Neumann and Bergve* state that they produced metalhc banum from fused 
barium chloride, usmg a contact cathode similar to that used for calcium, but give 
»C»mp( Tfni Vol 143 p 339 1906 
iCAem Aittraetf Vol 34 p 7181 1940 
» French potent 831083 to I C Farben 
< French patent 831598 to I O Farben 
‘ Jtmr Am CAew. Sot Vol 46 p 2382 1924 
«C«mp{ Ttnd tol I6B p 1378 1913 
»C«mpl Ttnd Vol 141 p 1240 1905 
•Z ElMrothtm Vo! 20 p 187 1914 
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no details on the procedure. It is probable that all the barium on the market is 
being produced by aluminum or silicon reduction. 

Production and Prices. — No information is available as to the production of 
barium or current prices. 

Uses. — Barium, either alone or as an alloy vrith magnesium or aluminum, is 
widely used as a ^‘getter” to remove residual gases from electron tubes. It is stated 
to be ten times as efficient as magnesium for this work. A barium-nickel alloy is 
being used for the terminals of spark plugs. ^ The alloy contains up to 0.2 per cent 
barium and reduces the potential required to produce a spark across the gap. An 
alloy containing about 1 per cent barium has been found to be an efficient emitter of 
electrons when heated and for this reason has been suggested for use in vacuum tubes. 
Nickel alloys containing up to per cent barium are ductile and may be easily 
rolled or drawn into fine wire or ribbon. A recent use for barium is as a lubricant 
for rotating anodes in X-ray tubes. Ordinary lubricants cannot be used as the tem- 
perature is high, about 600°C., and their vapors cannot be tolerated in the tube. 
Barium has a low vapor pressure at that temperature and shows excellent lubricating 
qualities. 

STRONTIUM 

Strontium is about 40 per cent as abundant as barium, and like that metal, its 
chief minerals are the carbonate, strontianite, and the sulphate, celestite. Again the 
sulphate is more abundant and serves as the major source of strontium salts. 

Before 1940, practically all the celestite used in the United States was imported 
from England as the domestic deposits were either remote from transportation or of 
low grade. However, since that time domestic sources have been developed and are 
supplying the increased demand due to the war. 

Strontium salts are manufactured from the minerals by the same methods used for 
barium salts. Strontium carbonate is more readily converted to the oxide than 
barium carbonate, and the operation is conducted in the same manner as with 
limestone. 

Metallurgy. 1, Thermal . — The methods used for barium can be used equally well 
for strontium. Guntz and Galliot^ reduced the oxide by mixing the finely ground 
material with powdered aluminum and heating in an evacuated iron tube for 4 hr. at 
1000°C. Metal of 99,4 per cent purity was recovered as a crust, with a yield of 75 per 
cent. The method in which strontium peroxide is added to the charge and the reac- 
tion and distillation arc carried out in separate containers has been used commercially. 

2, Electrolytic . — Strontium amalgam can be made from aqueous solutions, but it 
has not yet been found possible to deposit the pure metal. 

Neumann and Bergve^ prepared strontium by the electrolysis of a fused mixture 
containing 84 per cent strontium chloride and 16 per cent potassium chloride. They 
used the contact electrode and secured a current efficiency of 80 per cent. 

Production and Prices. — There is no available current information on these sub- 
jects. Some fourteen years ago, a figure of $100 a pound was published. Four years 
later it was stated that the price was still over $30. 

Uses. — Strontium occupies the same position among the alkaline-earth metals as 
rubidium does among the alkalies, t.c., it is intermediate in its properties between 
barium and calcium. About fifteen years ago, metallic strontium was in compara- 
tively large demand as a ** getter ” for radio tubes, but it has since been supplanted by 
barium and its importance as well as its production has fallen off. 

' Tronj. EUdroc?icm. Soc., YoL 60, p. 85, 1934. 

-* Comp/, rend., Vol. 151, p. 813, 1910. 

* Z. Electrochem.., Yo\. 20, p. 187, 1914. 
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ARSENIC 

By Waltek C 

Atsenic\'vas not recognized as a metallic element until it was isolated by SchroriW 
m 1C94, several of its compounds however were known from antiquity and werr 
called arsenic Ihe name arsenic is used even toilay when the arscnious oxide h 
meant Metallic arsenic is not used m the arts to a great extent, w hile the arscnious 
oxide (white arsenic of commerce) has many uses 

Physical Properties — -The metal has a steel gray color and show s a brilliant luster 
on fresh fracture it is known m both the crystalline and amorphous states The 
crystallme form is very brittle Other physical properties are atomic w eight, 74 9G 
number bj Moseley’s arrangement, 33 specific gravity, (erj stalhne) 5 727, (amor 
phous) 4 71 fracture, coarsely crystalline crystallization, hexagonal, melting pomt, 
red heat under pressure in the absence of oxygen boihng point, volatile at 450'’C 
without melting, specific beat, (crystalline) Sm, 0 083, (amorphous) Sm, 0 0758, latent 
heat of sublimation, 60 cal per g 

Chemical Properties —Arsenic is not changed in dry air, but m moist air it loses 
its color and bnihancj and slowly changes mto arsemous oxide It burns with a 
bluish white fiame when heated in air and giv es off heavy w bite fumes of arseniouk 
oxide, w hich have a characteristic odor resembling garlic 

Nitric acid oxidizes arsenic to arsenious oxide and then to arsenic oxide Aqu i 
regia yields a mixture of arsenious and arsenic compounds Arsenic is soluble m hot 
concentrated sulphuric acid, but dilute acid does not attack it Hydrochloric acid 
attacks it m the presence of air, fccblj, to form arsenious cMonde It combines 
directly with chlorine to form arsenious chloride It also combines directly with 
sulphur, when heated to form arsenic sulphide Metallic arsenic yields potassium 
arsenate when heated with niter or potassium chlorate 

In solution silver will replace arsenic and vice versa depending upon conditions, 
but Fc, bi, Co, Cr, and Mo will not replace arsenic to a notable extent under any 
conditions The single potential of arsenic (vs calomel electrode = 0 577 volt) was 
found to be 0 55 in an AsCIi solution of 1 g equivalent of arsenic per liter and 0 54 
volt in a corresponding solution of Asis 

Uses — As alreadj indicated only limited quantities of metallic arsenic arc used 
A small amount of arsemc is added to lead m making lead shot, as it tends to prevent 
the formation of imperfect shot when the molten metal is dropped m the shot tower 
A very small percentage of arsenic added to steel produces a metal that will take an 
extremely high pohsh Arsenical copper is claimed to possess superior properties 
to pure copper for certain rolling and drawnng operations 

The chief atseuie compound of commerce is the arsenious oxide (AsiOj), trioxide 
or white arsenic This is used in the manufacture of glass m the textile and paint 
industries, and m the manufacture of w eed killers insecticides and medicmes 

A small amount of arsenic is added to the low tm wiping solders to improve their 
workmg properties Arsenic is added to lead, antimony, and silver allojs for use as 
I Metallorgist Cerro da Pasco Copper Corp New York, 
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insoluble anodes in the electrolytic recovery of copper from acid sulphate solutions 
to increase the anode life. 

Arsenical preparations furnish the most effective means of control against the 
cotton boll weevil; the cotton worm, the codling and the gypsy moth, and they are 
used for soil treatment to destroy Japanese beetle grubs. It is estimated that insecti- 
cides take 68 per cent of the arsenic used in the United States; weed killers, 19; glass 
manufacture 3; wood preservatives, 2; miscellaneous, including arsenical dnigs, 1; 
exports, 7 per cent. Approximately 60,000,000 lb. of lead arsenate, 40,000,000 lb. of 
calcium arsenate, 2,000,000 lb. of paris green, besides important quantities of London 
purple and sodium arsenite, make up the first item. 

Sources of Arsenic. — Arsenic, while not abundant, is one of the most widely dis- 
seminated of all the metallic elements. It has been found in a number of places in 
the native state, usually associated with other metals. It occurs as mispickel, or 
arsenopyrite, in many cobalt and cobalt-silver ores. Nearly all pyrite and sulphide 
ores of copper and lead contain more or less arsenic, and it is from these latter ores 
that the bulk of the American supply of arsenic is derived as a metallurgical by-prod- 
uct. The most important American producers of arsenic are listed as follows: 


Company 

liocation , 

Source of Arsenic 

Am. Smelting & Ref. Co . 

Denver, Colo. 
Tacoma, Wash. 
Anaconda, Mont. 
Midvale, Utah 
Belleville, N, J. 

By-product lead smelting 
B 3 ^-product copper smelting 
By-product copper smelting 
By-product lead smelting 
Arsenic sulphides 

Am. Smelting Ref. Co 

Anaconda Copper Mining Co 

U. S. Smelting Co 

Rare Metal Products Co 



Metallic arsenic is produced by the sublimation of mispickel or leucopyrite in the 
absence of air, and by the reduction of arsenic trioxide with charcoal in cast-iron 
or steel retorts. The temperature and the pressure in the condensers have to be care- 
fully controlled in order to yield the crystalline arsenic. 

Previous to 1914 little or no metallic arsenic was made in the United States; 
about 50,000 lb, were imported annually, principally from Germany. After the First 
World War cut off the German supply", the Hoskins Process Development Co. of 
Chicago, III., began the manufacture of metallic arsenic to supply the American market. 
The arsenic of 99.5 per cent grade is made by the reduction of commercial arsenic 
trioxidc with charcoal in a battery of four gas-fired furnaces as shoum. Three of the 
furnaces take a charge of about 200 lb. each, and the fourth furnace holds 450 lb. of 
charge.^ 

The charge is mixed in a rotary mixer in the proportions of 1 lb. of charcoal to 
4 lb. of arsenic trioxide. The capacity of the plant is 250 to 300 lb. per day, or not less 
than 4000 lb. of metallic arsenic per month. 

The furnaces are built of steel pipe, surrounded by firebrick, enclosed in a steel 
jacket and supported on a pipe frame. The charging end of the TGtorts is sealed with 
a clay gasket in which is embedded a J^-in. copper water pipe. The cooled surface 
condenses arsenic vapor and seals any leaks in the clay gasket. At the back of and 
attached to the retort is a water-cooled condenser, which is vented by means of a 
water seal so as to allow the escape of the uncondensed gases. Figure 2 shows the 
left side of one of the furnaces. Two condensers ore shown in the background of 
Fig. 1. 

» Jones, Chtm. it .Ue/. Eng,, Nov. 17. 1920. 
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The period of operation for the large furnace is about 10 hr , and for the smaller 
furnaces 7 hr The gas is then shut off and the retort and the condenser are allowed 
to cool before the condenser is opened for the remov al of the metallic arsenic Figure 3 
shows the discharge end of one of the furnaces The metallic arsenic is removed from 
the condenser ivith a bar and hammer and is then readj for packing and shipment 
The adient of the Second World War again stopped importation of metallic 
arsenic from Germany During December 1939 the Anaconda Copper Minmg Co 
began production of laetalhe arsenic fiom arsenic tnoxide The plant erected for 
the purpose consists of sue cast iron retorts each fitted with a condenser consisting 
of a condenser tee flanged to the retort and flanged to a "vertical water cooled steel 
plate condenser chamber Each retort is honzontallj supported and is enclosed n ith 
firebrick Tlie condensers are heated by direct gas firing The end of the retort 
and of the condenser tee are closed with flanged covers bolted to the retort and con- 



Fio I — Arsenic furnaces with condensers in background 


denser tee n itb fire-clay gaskets in which is embedded a small diameter copper 
pipe for w ater coolmg 
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dust earned bj the gases and other volatile materials can contaminate the arsenic 
tnoxide, and these are removed in the refining operations 

The roasting operations may be earned out in muffle, re\ erberatory, or one of the 
xanous types of roasting furnaces, coke, gas, or oil is u<»ed for fuel m reverberatory 
or roasting furnaces in order to reduce the danger of contammation of the product 
with soot The crude arsenic tnoxide is collected m cooling flues/ baghouses, or by 
Cottrell precipitators 

Crude White Arsenic from Metallurgical Products. — The arsenic earned by lead 
and copper ores is concentrated during the roasting and smelting operations m the 
flue products, ubich are caught in the cooler parts of the flue sj stem Lead boghou'e 
dust, carrying 30 per cent arsenic, and copper furnace and roaster dusts, carrying 20 
to 30 per cent arsenic, are not uncommon The arsenic in these dusts exists largely in 
the form of the tnoxide {AS 2 O,) 

At one of the Amencan plants the baghouse dust, carrjuig about 30 per cent 
arsenic, is mixed with a small quantity of fine pyrite or low-grade lead sulphide con- 
centrates and 13 fed to the hearth of a Brunton roasting furnace The pynt»- is 
added to the dust m order to prevent the formation of noni olatile arsenites m the 
residue from the roast, and it also gives a clmkered residue 11 hich makes a suitable 
blast-furnace feed The Brunton furnace i olatilizes 75 to DO per cent of the arsenic 
m the dust u hich is charged to it The gases from the Brunton furnaces pass through 
a coolmg flue built in the form of a number of connecting rooms or chambers Bnck 
IS usually employed in the construction of these cliambers, or kitchens, as thej are 
called The temperature of the gas in the coolmg flue is so regulated that it enters 
the first kitchen at approximatelj 220°C , and by the time it reaches the last kitchen 
it has dropped to lOO^C , or less The crude arsenic tnoxide collects in the kitchens 
and 13 removed at the end of the campaign for refining This crude arsenic tnoxide 
should contain 90 to 95 per cent AsoO> 

The crude AsaOa is resublimed m order to remove impurities, this operation is 
repeated until the desired purity is obtained Reverberatory furnaces are used for 
this work and are fired with gas or coke The furnace gases pass through setthng 
chambers and then to the kitchens, where the refined arsenic tnoxide is collected 
The product should contam over 99 per cent AsjO, 

The mam source of arsemc at Anaconda is m Butte copper ores The concen- 
trates from these ores average approximately 2 0 per cent As The roasting and 
smelting operations ehmmate a very considerable portion of the arsenic mto the flue 
system where it becomes considerably concentrated m the dust collected at the 
Cottrell treaters and in the upper portion of the main flue The Cottrell dust and the 
arsenic enriched portion of the mam flue dust constitute the feed to the arsenic 
roasters 

Arsenic Roasting Plant — ^Three rowa of McDougal roasters m No 1 roaster 
building have been remodeled mto three sets of arsenic-roastmg furnaces and con 
densmg chambers A set consists of four 16-ft six-hearth furnaces connected m 
senes The first, or roastmg, furnace is gas-fired on the third and fifth hearths and 
13 equipped with a specially designed apron feeder for chargmg the dust The remam 
mg three furnaces serve as condensing chambers to collect the condensed arsemc 
m the form of a crude AssOj product The mside hearths have been removed and a 
central vertical partition installed This partition has an openmg at the bottom to 
permit the passage of the gases The gases enter each condenser at the top, pass down 
one side of the partition and up the other, leavmg at the top to enter the top of the 
next condenser and so on to their exit through connectmg flues and a dust chamber 
to the flue system The bottom sets of arms hav e been left m each condenser and are 
operated periodically to remove the collected arsenic, which is sent to the refining 
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furnaces. The roasting furnaces are operated at a temperature of approximately 
C50°C., as liigher temperatures cause fusion of the condensed arsenic in the condensers. 
Experience has proved that 50 per cent AS2O3 is the maximum permissible in the feed 
to the roasters if fusion is to be prevented. Arsenical dusts of high arsenic content 
are diluted vrith fine fiue dust. It has been found that improved results are obtained 
when coal to the amount of 10 per cent of the weight of the dust is mixed with the 
roaster feed. 

The roasters yield a residue containing about 5 per cent AsaOs, which is returned 
to the reverberatory furnaces for the further recovery of copper and the elimination 
of arsenic into the flue system. 

The roasting furnaces have a capacity of about 50 tons of charge per 24 hr. and 
jneld a crude arsenic trioxide assaying about 90 per cent AS2O3. 

Hefining Plant. — ^Two refining furnaces of the reverberatory type have been 
installed. Each furnace has an over-all length of 36 ft. and a width of 14 ft.; the 



Fig. 4. — Arsenic refining furnace. 


hearths are 26 ft. long and 12 ft. wide. The main hearths are made of cast-iron 
plates. Tu’^o fireboxes are used, one at the back of the furnace, whose hot gases pass 
under the cast-iron hearth and back over its top, and the other at the front of the 
furnace, whose gases pass only over the hearth. 

The charge consists of 8 tons per furnace day of the 90 per cent AS2O3 crude 
arsenic from the arsenic roasters. The charge is dropped to the hearth through open- 
ings in the roof and is spread out with rabbles; part of the charge is dropped during 
the afternoon shift and the balance during the night shift. A thin layer of crushed 
rock is spread over the hearth before charging the furnaces to facilitate the removal of 
the residue after the arsenic has been volatilized, A special crew cleans the hearths 
on the day shift. Each refining furnace will treat 30 tons per day, when treating very 
high-grade dust or when rerefining. High-grade material is dropped on all three 
shifts, and the residue is removed once in 2 or 3 days. A temperature of 550®C. has 
been found to give the best results in these furnaces. A draft of 0.05 in. of water 
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gives satisfactory results The volatilization of about SO per cent of the arsenic m 
the 90 per cent AsiO, material fed to the furnace gives the most economical operation 
The refining-furnace residues are smelted in the stack reverberatory 

Condensing Kitchens. — Three sets of chambers are used for handling the gases 
from two refining furnaces, two of these chambers being used while the third is being 
cleaned Each chamber is approximately 225 ft long and is divided into 39 kitchens 
The kitchen nearest to the furnace is larger than the others and is used for Bcttling 
the nonarscnical dust Its temperature is about 295*C , or above the condensation 
temperature of AsjO, The gases cool as they pass through the kitchens by radiation 



Fig. 6 — Modern refining furnace (Courfesj/ of Anaconda Copper Mtntna Co ) 


and leakage and leave the system at 90 to 100“C Most of the arsenic settles out in 
those kitchens which have temperatures from 180 to 120'’C The kitchens nearest 
to the furnace contain a fused or amorphous arsenic, black in color, and carrying 
about 95 per cent AsiOj This material is rerefined The material in the succeeding 
kitchens increases in arsenic content to 99 9 per cent AssOj, and is white and crystalbne 
The grade of the dust diminishes m the last kitchens, and changes to a fine white 
powder 

Packing. — At the end of each refinmg campaign the kitchens are sampled, and 
the samples are run for total arsenic and soluble arsenic The product is then graded 
and packed m barrels of 500 lb each, it is made into 50,000-lb lots and sold as white 
soluble, white insoluble, or crude arsenic The capacity of the packing room is 
18 tons per 8-hr day The white insoluble arsenic can be changed to the white 
soluble by rerefintng if market conditions demand 
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Manufacture of Arsenic Trioxide from Arsenical Pyrite.^* — ^The arsenical pyrite 
is crushed by jaw crushers and is then ground in ball miUs. The ground product is 
washed to remove as much foreign matter as possible, and dried. The drjdng was 
formerly done on the top of the roasting furnace, but this method cools the furnace and 
reduces the roasting efficiency. The drying is done in a mechanical drier, wffiich is 
equipped with a screw conveyer for stirring and progressing the charge. 

-The dried concentrate is charged to the top of a roasting furnace of the MacDougall 
type, 18 to 30 ft. high and 10 to 16 ft. in diameter. The rabble arms rotate at a speed 
of 5 r.p.m., but even at this speed some dust is carried out of the roaster with the gases, 
and this dust must be separated from the gases before they pass to the condensing 
chambers. This is done by a dust separator placed at the gas outlet of the roasting 
furnace. This separator consists of an insulated chamber containing two rotating 
screens of fine mesh provided with revolving brushes for cleaning. This arrangement 
removes nearly all the solid matter in the gases and offers but little resistance to the 
flow of the gases. The cleaned gases are then drawn by a fan through the condensing 
chambers. 

The condensing chambers are made of sheet lead and are divided into a number of 
smaller compartments by sheet-lead baffles which increase the condensing surface. 
Water sprays are introduced into the chambers to facilitate the condensation of the 
arsenic trioxide and to flush the condensed material out of the chambers into a col- 
lecting tank. Lead is the only metal that will withstand the action of the sulphurous 
acid generated from the sulphur in the concentrate. 

The mixture of water and arsenic trioxide is then filtered in vacuum filter tanks, and 
the moisture content is reduced to 20 to 25 per cent by the addition of some dry arsenic 
trioxide. It is then passed through a rotary drier, which is lined with porcelain to 
prevent sticking to the sides of the drier. The drying temperature employed is about 
180°C., in order to prevent the loss of arsenic by sublimation during drying. 

The crude arsenic trioxide is refined by sublimation. Furnaces 10 to 14 ft. in 
diameter, equipped with cast-iron hearths and rotating rabbles, are used for this 
operation. The crude arsenic trioxide is charged to the furnaces through openings in 
the roof. The proper temperature has been found to be 245 °C. Approximately 
70 parts of fuel are required for each 100 parts of refined arsenic trioxide. 

The final condensation takes place in lead-lined wooden chambers containing 
baffles and placed over a trough that carries a porcelain screw conveyer for the removal 
of the collected material. About 0.65 lb. of arsenic trioxide is condensed per square 
foot of condensing surface. The exit gases from the condensing chambers pass to a 
coke-filled scrubber, where the last of the arsenic is removed with water sprays. 
The finished product is finely powdered, perfectly white, and will assaj'- 99.0 per 
cent AS2O3. 

R, W. Bridges^ gives the method used for the recovery of arsenic from the cobalt 
ores of Cobalt, Ont. The ores are crushed and then ground so as to pass 30 mesh in 
ball mills. The charge, with the proper fluxes, is smelted in 32 X 72 in. blast furnaces 
with capacities of 25 to 30 tons per day. The fluxes used are limestone and a low- 
grade siliceous ore. The products are flue dust and crude arsenic trioxide, slag, silver 
bullion, and speiss. The flue dust and crude arsenic trioxide are caught in suitable 
settling and condensing chambers. The flue dust is returned to the blast furnaces, and 
the crude arsenic trioxide is sent to the arsenic refinery for retreatment. The slag is 
discarded if it carries less than 10 oz. of silver per ton. The silver bullion assays about 
860 fine and is treated in a cupel furnace for 24 hr., after which treatment it averages 
994 fine. The speiss — a typical assay of which is Ag, 1480 oz.; As, 31.3; Co, 25.2; 

* Jnd. cAtm., p. 426—429, December, 1920, 

aMetallurgi' of Cobalt, Ontario, Ores, Can. Mining Jour., Jan. 15, 1910. 
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Ni, 15 3, Fe, 16 1 per cent— is crushed, ground, mixed with 20 per cent NaCl and 
roasted m Edw arda mechanical roasters ha\ mg a daily capacity per furnace of 2400 lb 
The roasted product is then leached i^ith cold water to remove the undecomposed 
NaCI and soluble salts of cobalt, nickel and copper n hich have formed m the roasting 
operation The residue is then leached with four successive batches of NajSjOj solu 
tion to remove the silver The cobalt, nickel and copper are recovered from the 
water leach liquors and the leached residues The crude arsenic tnoxide is resublimed 
m the arsenic refining furnaces in the usual manner, producing an arsenic tnoxade of 
99 0 per cent 

Manufacture of Lead Arsenate —A number of methods have been proposed for 
the manufacture of lead arsenate, the first step of which is the coni ersion of arsenic 
tnoxide or a soluble arsenite mto arsenic acid or a soluble arsenate A fusion of 
arsenic tnoxide with caustic soda or sodium carbonate and sodium nitrate yields 
sodium arsenate, which is then dissolved in water and mixed with the solution of a 
soluble lead salt, as the nitrate or acetate, the insoluble lead arsenate being pre 
cipitated Chlormc gas will slow ly convert a solution of sodium arsenite into sodium 
arsenate it will also convert a mixture of arsenic trioxide and w ater mto arsenic acid 
Nitric acid and arsenic tnoxide react violently to form arsenic acid, the gaseous 
products of the reaction contain considerable nitric acid and are generally sent to a 
condensing system for the recovery of this acid 

A patent*^ issued to Luther and Volck covers the formation of lead arsenate by 
roastmg the combining parts in the presence of oxygen Lead arsenite is formed and 
oxidized to lead arsenate by roastmg m the presence of oxygen The lead arsenite is 
produced by heating white arsenic with lead or lead oxide It may also be formed as 
a mixture of lead arsenite and lead arsenate by heating red lead with white arsenic 
Lead arsenate may be formed directly by roasting w hite arsenic with lead peroxide or 
lead nitrate or one of the lower oxides of lead with an oxidizing agent 

The Barstow and Cavansgh patent* consists m combmmg litharge with arsenic 
acid assisted by the action of a catalytic agent the direct combination of arsenic acid 
and htharge is too slow to be of commercial value The catalytic agent used is a 
small amount of either nitric or acetic acid 

U S patent 1398267, issued to John Kirby, Matthew S Hopkms, and Charles B 
Bernhart, of Beading, Pa , covers the use of sulphonic acids of the aromatic hydro- 
carbons as catalytic agents for the manufacture of lead arsenate from litharge and 
arsenic acid The purity of the sulphonic acid used is nonessential, as the mixture 
of sulphomc acids obtamed by the sulphonation of the commercial grades of hydro- 
carbons will act effectively The lead arsenate produced by the use of these reagents 
possesses the physical requirements important for an msecticide, etz , large bulk, good 
dispersion, proper adherence to the foliage treated, and effective insecticidal properties 
The preparation of the catalyst is earned on approximately as follows A commer 
cial grade of a suitable hydrocarbon, such as ordinary naphthalene, is gulphonated in 
the usual manner, the excess sulphuric acid is removed by precipitation with a soluble 
lead salt, and the clear hquor is separated by decantation or filtration 

A charge of 700 lb of litharge is placed in a tank and agitated to keep the litharge 
m suspension in water About 50 lb of the mixed sulphonic acids is added the quan 
tity to be used depending upon the speed of reaction required and the physical prop 
crties desired m the product Approximately 600 lb of a 75 per cent arseme acid is 
then slowly added The temperature is raised to 160*F The mass slowly changes 
m color to white as the litharge is converted to lead arsenate Any excess of litharge is 
removed by the addition of more arsenic acid The resultmg mass of lead arsenate, 
»U S patent 929962 Aug 3 1909 
» U B patent 1228516 Jlay S 1917 
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the lead salt of the sulphonic acid, and water may be washed and the lead arsenate 
pressed for use as paste or as powder after drying and grinding. The sulphonic acid 
liberated by the precipitation of the lead arsenate is available for further use as a 
catalyst. 

Lead carbonate or basic lead carbonate can be substituted for litharge and a solu- 
tion of a soluble arsenate for the arsenic acid. 

Manufacture of Calcium Arsenate. — Calcium arsenate is manufactured by the 
method developed by the U. S. Department of Agriculture at Tallulah, La. This 
consists in the oxidation of arsenic trioxide to arsenic acid by means of nitric acid. 
The arsenic acid is then neutralized with sodium hydrate to form sodium arsenate, 
and calcium arsenate is precipitated by the addition of milk of lime to the solution of 
sodium arsenate. The calcium arsenate produced must have the necessary physical 
properties for use as an insecticide. 

Calcium arsenate is also made by direct combination of arsenic acid and milk of 
lime under controlled conditions to yield a product of the required chemical and 
physical properties. 

Precautions in Handling Arsenic Trioxide. — Arsenic trioxide is ver^^ poisonous, 
and considerable care must be exercised to prevent occupational poisoning. Ample 
draft in the furnaces and flue systems, proper ventilation in all parts of the arsenic 
plant, proper bathing facilities for the men, and the use of efficient respirators have 
greatly reduced the danger of arsenic poisoning. One American plant has success- 
fully applied the pneumatic system to the removal of the arsenic trioxide from the 
Idtcliens, 



CHAPTER V 
ANTIMONY 

By CRtwo Yu Wang* and Gut C Riddell* 

’ASA by as qtas q{ tba oldest of Ite metals 

The natural sulphide was known to the people of ancient times It was used by them 
as medicine and as an article of toilet for eyebrow painting by women of bibhcal tunes 
A vase found at Tello, Chaldea, cast m metallic antimony discloses the fact that in 
about 4000 B c the Chaldeans knew the art of the reduction of the metal A copper 
ewer and basin of the Fifth or Sixth Dynasty (about 2500-2200 b c ), discovered in 
Egypt, was found covered with a thin coating of metalbc antimony, thus showing 
that the ancient Egyptians knew something of the art of surface plating 

Basil Valentme, a German monk of the fifteenth century, and Agncola’ wrote of 
liquation, precipitation, and starring of regulus Valentme gave distinct recipes for 
the preparation of antimony trichloride, basic chloride, tnoxide, and potassium anti- 
monate In the fifteenth century, antimony was m use for printers’ type, and in 
mirrors and bells In the sixteenth century came its use as a medicine Of the 
methods now obtainmg in antimony metallurgy the precipitation of metal from 
sulphide by iron appears in writings of the seventeenth century (Erckcr), and in the 
eighteenth century, the roast-reduction procedure came into use In the early 1830*3 
came the reverberatory furnace, in 1878, direct smeltmg in the blast furnace, in 1844, 
the French volatdization process, and m 1896, electrolytic antimony first appeared 
in the market 

Physical Properties — Pure antimony is a silver white shmmg brittle metal 
Other physical properties are atomic weight, 121 76, atomic number, 51 , specific 
gravity, 6 6 to 6 7, hardness, 3 0 to 3 5, specific heat, 0 05, melting point 630 5‘’C , 
latent heat of fusion, 38 84 cal per g , crystallization, hexagonal 

Other allotropic forms of antimony are explosive antimony, black antimony, and 
yellow antimony Explosive antimony can be produced by electrolysis, usmg a bath 
of hydrochloric acid and antimony protochloride, w ith antunonj metal as anode and 
platinum foil as cathode This form of antimony, rubbed m a mortar, loudly deton 
ates, giving off light and heat Black antimony is another metastable amorphous 
form, produced when antimony metal vapor is suddenly cooled This form of the 
elftmewt TOnre actwe. c.bcTOica.Uy than the. ordmary tawtaUic foim, being swTOebwies 
spontaneousl> combustible At 100“C it changes gradually to the ordinary metal, 
at 400“C the change is sudden 

Yellow antimony, the most unstable of the several forms of antiraonj, is without 
any metallic property and corresponds to white phosphorus and j ellow arsenic This 
form, obtained by introducing oxygen into antimony hydride at —90*0 , is of aca 
demio interest only It changes into black antimony above — 90®C , under ordinary 
light 

Chemical Properties — Antimony has three valences, three, four, and five Its 
chemical properties resemble those of arsenic, and it stands close to the zinc griup, 
I Director of leseareh Wah Chang Smelling & Trading Co N Y 
* Consuhmg engineer New York 
» Da re metalhca Vo‘ IJ 1557 
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being closely similar to germanium. Antimony is but slightly oxidized at ordinary 
temperatures. On heating^ however^ the metal readily oxidizes to the trioxide. 
The metal is also readily oxidized by any salts that can easily give up their oxygen 
component, such as lead oxide and manganese peroxide. It also oxidizes in the 
presence of steam. 

In acids, the metal is unattacked by dilute sulphuric, but forms antimonious 
sulphate in hot concentrated sulphuric. It is attacked by hydrochloric only when in a 
state of fine powder. In concentrated nitric, it is converted to the trioxide. In 
aqua regia it dissolves readily to form the pentachloridc. 

Mixed wdth niter and soda, antimony explodes on ignition. With alkaline nitrate 
and chlorate, the metal decrepitates, forming an antimoniate. 

Some of the fundamental constants and chemical reactions germane to the metal- 
lurgy of antimony are now recapitulated, as follows: 

SbaSs melts at 650° (Pelabon); at 540° (Wagemann); at 546° (Borgstrom) 

SbsSa volatilizes, in the absence of air, between 650° and 917° (S. A. Chakhov and 
^ I. I. Slobodskai) 

SbjSs -k 90 Sb^Os -b SSOsj begins at 290°, rapid at 520°, and finishes at 500° 
(Saito); begins at 290°, if the size of the grain is 0.1 mm. in diameter, at 343° if 
0.1 to 0.2 mm., and at 430° if 0.2 mm. (Friedrich); commences at 190°, ener- 
getically at 340°, and terminates at 445° (S. A. Chakhov and I. I. Slobodskai) 
SbsSa 4- 2Sb203 6Sb 4- 3SO2; in a current of inert CO2, gas, at 950° (W. R. Schoel- 
ler) 

x(Sb2S3) 4- y (86203) “*> xy(Sb403S3); fused under a layer of salt; at 517° 

Sb2S3 4- Fe -> 2Sb + 3FeS 

2Sb2S3 4“ 9O2 2Sb203 + 6SO2; H = -687,000 cal. 

SboSa 4- 3H2O 2Sb203 + SHoS; H = 4-26,700 cal. 

SbsSs 4- 5O2 Sb204 4- 3SO2; H = -389,900 cal. 

Sb203 4- O — » Sb204; at above 445° (Chakhov and Slobodskai) 

Sb204 4- O SboOsj commences at 900° and finishes at 1030° (Chakhov and Slo- 
bodskai) 

SSbeOs SbcOis + O2; at between 620 and 720° (A. Simon and E. Thaler) 

Sb^Ob — ^ SbnO^ “b 0; at between 750 and 800° (A. Simon and E. Thaler) 

Sb204 SboOs + 0; at 930° (A. Simon and E. Thaler) 

SSb-Os 4- 0 — > 2Sb508; at between 360 and 400° (C. T. Carnelley and J. Walker) 
286203 4- 0 — > 86407; at between 440 and 500° (C. T. Carnelley and J. Walker) 
SboOj 4- 0 ^ 86407; stable between 500 and 565° (C. T. Carnelley and J. Walker) 
SbnOa 4” O — > 86204; at between 565 and 585° (C. T. Carnelley and J. Walker) 

Sb20s 4“ O — V 86204; stable at between 590 and 775° (C. T. Carnelley and J. Walker) 
286203 4- 3C 2862 4- SCO; at red heat 
86204 4“ 4C -> 3Sb 4- 4CO 

SbjOs 4“ SCO 2Sb 4“ 3CO2; between 502 and 596° 

86203 4“ 6H — > 862 + 3H2O; at red heat 
SbsO, 4* 3CO ^ 2Sb 4- SCOj,* at 500° (Watanabe) 

Ores and Deposits, — There are found in nature upward of about 112 minerals 
containing antimony, but only a few of them, as arranged in Table 1, can be con- 
sidered as antimony ore-forming minerals. 

Speaking generally, antimony lodes are simple lodes, limited in strike and depth, 
and belonging to the mesothernial type of deposits. Usually their sizes are irregular, 
pinching oft rapidly. Most of the well-known deposits in various parts of the world 
occur, eitlior directly or indirectly, associated with igneous rocks. They are generally 
granites and rocks of intermediate acidity, such as diorites, quartz-diorites, monzonites, 
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aod quartz monzonites The exceptions to the general association of igneous rocks 
are the metasomatic replacement deposits in limestone 


Tabl^ 1 


Class of 
mineral 

Name of 
mm oral 

Formula 

Anti- 

mony, 

% 

Specific 

gravity 

hlode of 
occurrence 

Sulphide 

Stibnite 

Sb,S, 

71 4 

4 52-4 62 

llypogene 

Oxide 

Valentinitn | 
(rhombic) 

SbjO, ' 

83 3 ' 

5 5 Gfi' 

Supergene 

Oxide 

Senarmontite 

(cubic) 

SbjO, i 

83 3 

5 22 5 30 

Supergene 

Oxide 

Cervantite 

SbjO« 

78 9 

4 084 

Supergene 

Hj droxidc 

Stibiconite | 

SbjO, H,0 

74 5 j 

5 1-5 28 

Supergenc 

Oxysulphidc 

Kermesite 

2Sb,S, SbjO, 

75 0 

4 5-4 6 

Supergene 

Native 

iSi alive anti 
mony 

Sb 

91-98 

6 65-fi 75 

Ilypogene 

Mercury ore 

Lmngstonite 

IIgSbiS,(HgS 2SbiS, S) 

53 

4 81 

Hypogene 

Lead ore 

Jamesomte 

Pb^SbjSs 1 

29 4 1 

6 5-6 0 

Hypogene 

Copper ore 

Tetrahednte 

CusSbaS, 1 

24 7 i 

4 4-5 1 

Hypogene 


Market and Uses —In 1935, the United States consumed 40 per cent of the anti- 
mony of the world, Great Britain 18, Germany 13 3, France 9 4, and Italj 3 6 per 
cent The average pnce per pound of antimony from 1908 to 1938 was 11 6 cents 
(minimum 5 cents, maximum 45) Ore is generally bought on an agreed price per 
unit (United States unit being 20 lb , British 22 41b) Antimony content of the ore 
13 generally limited to a minimum of 50 per cent Lead, bismuth, arsenic, copper, and 
zmo are considered objectionable impurities and arc penalized if they are present 
above the following percentages lead 0 3, arsenic 0 1, copper 0 1 per cent, zmc and 
bismuth are considered very objectionable impunties if present m more than traces 

The trade specification for the metal or regulus is that it shall contain a miBimuin 
of 99 per cent antimony and not more than 0 3 per cent arsenic and show the usual 
bright “stars" on the surface 

Uses — ^The principal uses of antimony, arranged m the order of magmtude of 
consumption, are as follows 

I hlETAtLTJnoicAn Uses, in the form of alloys 

Batiertea — The largest use of antimony— normally about 30 per cent of the total 
United States consumption — is m the manufacture of grids m storage batteries, as 
used principally m automobiles The percentage of antimony in storage battery 
grids ranges from 5 to 12 

Beannffs~—ToT bearing purposes the quantity of antimony required amounts to 
about 20 per cent of the annual consumption m the United States Bearing metal is 
sometimes known as white metal There arc two types of white metal, the tm base 
and the lead base, the former is knoim commercially as "babbitt metal” or "bab- 
bitts " The genuine babbitt metal contams generally less than 10 per cent antimony 
and the lead-base white metal less than 15 per cent antimony 

Type Metal — This is essentially an alloy of lead, antimony, and tm, cootaming 
Up to about 30 per cent Sb 
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Britannia Metal and Pewter. — Britannia metal is practically an alloy based on tin 
with antimony in variable proportions and smaller quantities of copper, zinc, lead, 
bismuth, or other metals. Pewter, an alloy of tin-antimony-copper, resembles high- 
grade Britannia metal. 

Ammunition. — The general composition of shrapnel bullets is 12 to 15 per cent 
antimonj’’, the balance is lead. 

Cable Sheathings. — Cable sheathings are made of lead hardened by 0.75 to 1.00 per 
cent antimony. 

Hard Lead. — Hard lead is simply antimonial lead. The antimonial content of the 
lead depends upon the use to which the metal is put, the percentage ranging from 6 per 
cent or lower for rolled sheets for linings and roofing to 28 per cent for special purposes, 
such as nozzles. 

II. Chemical. Uses. 

Enameling.— ks an opacifying agent for white enamels, antimony trioxide has 
almost completely replaced tin oxide, mainly because of the high price of the latter. 

Pigments. — 1. ''Antimony white” is the trioxide of antimony which is formed as a 
very fine powder in the flues and dust chambers of antimony-roasting furnaces. It 
can be collected in this form and used without further treatment for certain paint 
purposes, but a specially ground and prepared oxide called Timonox is produced in 
England, of superior texture, opacity, and whiteness, which has become of great 
usefulness among pigments. 

2. "Antimony black” is metallic antimony deposited electrically or chemically 
as a fine powder from an antimony solution and is used as a bronzing pigment for 
metals and plaster casts. 

3. "Antimony vermilion,” a red trisulphide of antimony, may be formed by pre- 
cipitating an antimony salt from solution with sulphureted hydrogen. As a pigment, 
it is in many ways superior to red oxide of lead, red chromate of lead, or mercury 
vermilion. 

4. "Antimony yellow” is produced by the slow oxidation of the sulphide; various 
shades of yellow are formed by mixing with red lead and zinc white. 

5. "Antimony blue,” "antimony violet,” etc., are other pigments produced by 
mixing antimony yellow with other mineral compounds. 

Rubber Vulcanizmg. — Alanufacturers of antimony sulphuret for use in the rubber 
industry customarily use the words "golden ” and "crimson ” to indicate pentasulphide 
and oxysulphide, respectively, and the word "golden-crimson” when both are present. 
It is still doubtful whether pure pentasulphide as such has ever been prepared. Com- 
mercial antimony pentasulphide, or "golden antimony sulphide,” is generally sup- 
posed to be a mixture of antimony tetrasulphide and free sulphur (Sb 2 S 4 -f- S). 
Whether the "crimson” product is really an oxysulphide of antimony is still doubtful. 
It has been considered that many of the substances described as oxj^sulphides of 
antimony arc probably mixtures. 

Mordants. — Tartar emetic and antimonine are the principal compounds of anti- 
mony that are used as mordants. 

Ammitnition. — ^Antimony sulphide in the form of "crudum” is used as a con- 
stituent in military and sporting arms primers and as a smoke producer for smoke 
screens, range-finding shells, and tracer bullets. 

Fireproofing. — The largest single use of antimony today is for a new demand, the 
preparation of an antimony compound with chlorinated rubber or chlorinated paraffin, 
emplojdng approximately 10,000 tons of the metal per year, for rendering certain 
essential war fabrics flameproof and fire-resistant. Alaterials treated with the 
compound quickly extinguish flames that accompany initial combustion by virtue 
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of an automatic chemical reaction as the compound itself is heated Certain new- 
fireproofing pigments of antimony base, employed in ship construction, are al«o 
increasing the war consumption 

OOier Uses — In various forms antimony is used m the manufacture of matches, 
medicme fireworks, toys, etc 

The Metallurgy of Antimony. — Stibnite, SbjSj, antimony etilphide, or glance, is 
the principal ore for the extraction of antimony The other ores— cervantite, kerme- 
site \alentmite sernarmontite — are oxide ores and occur sparingly m nature Dry 
methods are generally adopted for the extraction of the metal Electrometallurgical 
methods have had much attention in Vmenca and Germany but have not yet found, 
on economic grounds, practical or extended apphcation except in a few rare cases 
During recent j ears treatment of the poor grades of the ore, especially sulphide ore. 



Eia 1 — Pj-Dcesses for treatment of antimony ore 


by ore-4ressuig methods has commanded some attention and been adopted in a few 
cases 

The impure sulphide of antimony, resulting from the liquation process, is called 
“needle,” “hquated,” or “crude” antimony, and the refined metal itself is called 
antimony “regulus ” 

The accompaning scheme shows the different processes adopted for the treatment 
of various grades of antimony ores 

Liquation of Crude Antimony —The first step in the smelting of antimony is a 
simple one — the process of "liquation,” which produces crude or needle antimony 
Ores contaming about 60 per cent Sb are used in the liquation process for the produc 
tion of crude The temperature required for hquation is between 550 and fiOO'C 
Ores to be hquated are broken to about w alnut size If the pieces are larger than this, 
the low heat used wU not penetrate effectively, and if the size is smaller than walnut, 
the ore tends to pack too closely for adequate penetration A packed chaige also 
prevents the free escape of the fused sulphide 

Intermittent Liquation in Crucibles —There has been developed in China a unique 
type of furnace for crude smelting which, in spite of the heavy loss m antimony 
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entailed during smelting, is simple in construction and operation, as shown in Fig» 2. 
The furnace is generally built in four sets of two pots each. The upper pot, which has 
a }^-in. hole at the bottom for the liquated 
product to trickle through, is the con- 
tainer, capable of holding a charge of 45 
to 60 catties (1 catty is equivalent to 
about 1.3 lb,), and the bottom pot, bed- 
ded in sand or ashes, is the receiver for 

the liquated product. Each charge , ri- ‘ c*j 

requires 2 to 4 hr. to run, and the life of ^ross Sschon urging i e 

the pot is generally 10 to 15 days. The Fig. 2.— Liquation furnace and pots used 
liquated product is ladled into a mold, China, 

holding 16 lb. of crude. For 60 per cent Sb ore, the extraction is generally 83 per cent 
of the contained antimony, and for 45 per cent Sb ore, it is as low as about 64 per cent. 
The residue from the container contains 121^ to 30 per cent Sb, which, as will be seen 
later, can be extracted in a volatilization furnace. 


A 



B 

Tig. 3. — Plan of liquating reverberatory furnace. 



Continuous Liquation in Reverberatory Furnaces. — The primary object of the 
liquation process is to free the sulphide of antimony from its associated gangue. As 



Figs. 4-5. — Elevation and cross sections of liquating reverberatory. 


carried out in the old-fashioned pots, tubes, or crucibles, it is laborious, expensive, 
and wasteful. On the other hand, although liquation can be easily earned out in 
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reverberatoiy luinaces, tbe opeiation is attended Yfith some difficulties The tuam- 
tenance of a reducing atmosphere, to prevent the formation of either the volatile 
tnoxide or the stable tetroxide, is not easy to attam While the tnoxide can be 
partly recovered m any suitable flue or condensation apparatus, the tetroxide, found 
temammg in the residue, has to be considered as a loss, since it can probably be 
recovered only in a very high temperature upon further treatment of the residue by 
the volatilisation process It is regrettable that experimentation •mth gas finng has 
never been tried out, as it is obvious that by such a method of working a reducing 
atmosphere can be better maintained 

Figures 3 to 5 show the construction of a liquation reverberatory furnace 
The residue from the liquation process, generally retainmg about 15 to 25 per cent 
Sb2Si, may be treated in any of the volatilization furnaces to be described later 
Dead Roastmg for the I^eparation of the Stable Tetroxide — Dead roasting as a 
process is seldom adopted, even with nch sulphide ore or crude, as the inteTmediatc 
product SbiOi has no market and has to be finally reduced to the metal llich sul 
phide ores containing about 50 per cent Sb are generally treated by the liquation 
process for the crude or by the English precipitation method for the metal 

The oxidizing roasting of antimony ore results m either one of two products, 
dependmg on the temperature and air control — the volatile tnoxide, Sb^Oj or the 
stable nonvolatile tetroxide, Sb20 

The chemical changes taking place m the production of these two oxides are rather 
compheated According to Borchers,^ the tetroxide, Sb204, which he regarded as a 
salt resulting from the reaction of the pentoxide Sb20j, having an acidic character, 
with the tnoxide, Sb20i, having a basic character, is thus produced 

SbiO, + SbsO, = 2SbSb04 

However, from a study of the temperature control of the roasting of the sulphide for 
the derivation of the various oxides the authors now consider the above reaction to be 
apart from the facts In a general way, when the sulphide, SbiSi is roasted, the 
following chemical changes take place 
Below 600®C 

2Sb2S, + 9O2 -» 2SbjOj + 6SOj, U =- +687,000 (1) 

Between 500 and 900*C 

SbjO, +0-1 Sb204 (2) 

In other words, the tetroxide is derived directly from the tnoxide and is not formed by 
the mutual reaction of the tnoxide with the pentoxide When the sulphide is heated 
below the temperature indicated in formula (1), the tnoxide is formed with evolution 
of heat, amounting to 687,000 cal This heat would instantaneously bring the par- 
ticles of nascent Sb20» to temperatures well above SOO'C which then renders the 
reaction according to formula (2) possible, if an excess of oxygen is present 

When oxides of other metals are present, antimoniates are formed If, also, sul- 
phides of foreign metals are associated with the stibnite these foreign metals are 
brought mostly to the form of antimoniates, instead of remaining as they would 
under ordinary cucumstances, as sulphates If the proper temperature {below 
SOO'C ) and an excess of air have been maintamed, and if, m the case of rich ores 
constant rabbling has been performed, the roasted mass should contain the tetroxide 
pnncipally Under ordinary working conditions, however, the product will contain 
antimony glass, undecomposed stibnite, and antimomates, arsenates and sulphates 
pf the foreign metals present Much attention must be pud to the regular rabbling 
>Zinn Wwinat AnUmofi MetsUhuttenbetriebe Vol 4 p 138 tV Knapp HaUe 1924. 
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of the charge as the richer parts of the ore tend to liquate and to frit together. The 
richer the ore, the more difficult it is to roast. Toward the ehd'of the roasting, the 
temperature should be raised a little, in order to complete the oxidation of. any. und6- 
composed sulphide. If carried at too high a temperature, however, the mass will frit 
together, and the penetration of air to the interior is prevented, and both the sulphide 
and oxide are volatilized. 

A charge properly roasted has a reddish color while in the furnace and an ashy- 
gray color on cooling, and there should be no evidence of fritting in the furnace. If 



Fig. 6. — Long-bedded reverberatory, 

an excess of air has not been available, the roasted product will be largely the volatile 
trioxide instead of the tetroxide. 

The roasting of stibnite for the production of tetroxide is generally carried out in 
reverberatory furnaces provided with condensing apparatus. The furnaces are of two 
kinds: (1) small rabble furnaces (egg-shaped hearth), (2) long-bed reverberatory fur- 
naces (similar to the hand-reverberatories of lead smelting practice). Figure 6 shows 
the small-type rabble furnace used in France. 
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Fig . 7. — Cylindrical roasting furnace. 




A rabble furnace of this type handles a charge of 5 to 6 cwt. of ground and screened 
Ore in about 6 hr. The time required varies from 3 to 12 hr., according to the richness 
of the ore. During the first 2 hr. the door must be closed, but toward the end it is 
opened for stirring and rabbling the charge and for free admission of an excess of air. 

ss of antimony in this furnace treatment varies from 4 to 8 per cent, 

^ The long-bedded reverberatory of German, French, Italian, and American plants 
IS about 40 ft. long by 76 in. wide. It has 8 or 10 working doors on each side and car- 
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Ties about tons of ore, of "which 6 cwt are charged at a tune The ore works 
through the furnace m about 40 hr , during the last 2 hr before draw mg, the charge is 
thoroughly rabbled every 5 mm and the heat la strong Properly roasted ore has a 
dull grayish yellow color Loss of antimony m these long hearth furnaces runs about 
8 per cent 

Furnaces with a trough-shaped hearth, slopmg toward one side, have been pro- 
posed, but are not in successful use, for the carrying on of both reduction and roasting 
at the same time The slope of the hearth is for tapping out any accumulation of 
sulphide that hquates during the roasting 

The dead roasting of the ore or of the crude as carried out m reverberatory fur- 
naces 13 simple, but is not entirely satisfactory, as constant and vigilant attention is 
required to prevent the fritting of the mass, which, when once formed, would present 
the penetration of the air to oxidize the interior of the mass 1 o obviate such diffi- 



culty as well as efficiently to oxidi 2 e the charge to the stable tetroxide without the 
expenditure of much labor, A Lissner and E Eichelter‘ have made use of a cylindrical 
rotary furnace of 12 to 20 m in length, with some degree of success, as illustrated m 
Fig 7 Such a furnace can be fired with flaming coal or gas, preferably with the latter 
The draught can be regulated w ith a ventilator, w hile any volatile oxide formed can 
be condensed m any suitable flue or condensation apparatus 

At the IVah Chang Mmmg A. Smelting Co , Changsha, China, the crude was first 
ground mto powder in a Chilean mill and was then fed into a reverberatory furnace 
as shown m Fig 8, which could dead roast 2000 lb (906 kg ) of crude per 24 hr with 
a consumption of 700 lb (317 kg ) of coal Two workmen were required per furnace 
per shift of 12 hr 

Volatilization Roasting for the Tnoxide —Practically all the shaft furnaces for 
the volatihzation process are based on the same principle The ideal ore for treatment 

> The Use of a Rotary rurnftce for the Roastinx Df Rif], Antancuii' Ore Vetall u Br Vol 19 p 
373 1922 
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in such furnaces is one containing 15 to 25 per cent antimony; ore above 40 per cent Sb 
would partly volatilize and partlj’' liquate, and part of the liquated product would 
combine with the volatihzed trioxide to form an oxysulphide compound, commonly 
known as ^‘antimony glass, which causes fritting at the lower zone of the furnace. 
Even with ore containing 30 to 35 per cent Sb, some fritting might occur, necessitating 
the maintenance of the furnace at a higher temperature than necessary for poorer 
ores. Hence the paradox: the richer the ore, the higher the percentage of coke 
required for the charge. It is possible to volatilize an ore of about 20 per cent with 
4 to 6 per cent charcoal, the temperature being thus kept at low red-heat. On the 
other hand, mth liquation residue which ranges from 15 to 25 per cent, the problem 
is different. Here we have a material that disintegrates and packs at a very low red 
heat, thus partially blocking up the furnace and preventing free passage of the air 
upward. To remedy this, some works use a forced draft, while others use an excess 
of coke, amounting to 30 to 50 per cent of the charge, thus increasing the porosity 
of the charge. One can frequently tell when the furnace is blocked or when the suction 
fan is choked with the trioxide, especially if water is introduced into it, by observing 
the appearance of a reddish tint in the issuing trioxide fume, wliich would be white 
vith the furnace working under normal conditions. A plausible explanation for 
the appearance of this reddish tint in the otherwise white trioxide is found in the 
formation of the compounds Sb2S20, Sb203.2Sb2S3, Sb2O3.2Sb2S3.4H2O, or Sb2S3,2H20. 
Some sulphide particles from lack of free oxygen might be volatilized as such at tem- 
peratures above 650°C., taking up the moisture still in the ore. Another fact, which 
seems to substantiate such an explanation, is that whenever a new furnace, or one 
that has been standing idle for some time, is started the trioxide fume is frequently 
colored red at the commencement and continues so until the furnace is well under way. 
The explanation here is that there must be present a certain amount of moisture in 
the furnace, and it is this moisture that is taken up by the volatilized sulphide to 
form the above-mentioned red hydrated sulphide. In fact, an analysis of this pinkish 
oxide sometimes shows the presence of 5 to 6 per cent S. 

It is impossible to maintain uniform temperatures throughout the furnace shaft. 
The bottom part of the furnace, where the burned-out ore is ready to discharge, is 
cooled by the incoming air, while the top part is also comparatively cool. The central 
part thus localizes a hot zone of reaction where fusion of the silicate-forming minerals 
of the gangue and in the coke causes frequent trouble. 

While Otto Barth^ states that the volatile trioxide exists only below 700° and above 
1100^ \ our experience indicates that antimony sulphide, when roasted under properly 
restricted admission of air, changes to the volatile trioxide below 445 or 560° and above 
930°, while between the two limits, the oxide exists only as the stable tetroxide. In 
practice, the stable tetroxide may be considered to exist between 500 and 1000°. It 
IS thus obvious that proper control of temperature is important for the successful 
operation of the volatilization process. 

The many advantages of this method of treating low-grade antimony ores have 
brought it into general favor, and it is extensively used in one form or another in 
Trance, China, Yugoslavia, and elsewhere. These advantages are; (1) When the ores 
contain precious metals these are found in the residues after volatilization. (2) Bar- 
ring dressing the ores, it is the only method really suited to low-grade ores. (3) With 
different de\dces for condensation, the loss of antimony can be greatlj’’ lessened. (4) 
boss fuel is required, as the sulphur in the ore can be utilized as fuel. (5) The con- 
densed trioxide can be reduced to metallic antimonj^ or it can be marketed as wdiite 
oxide to make paint, enamels, etc. 

' Die MetaUverfiucht5g\ingsvDTfahren mit besonderer BerGcksichtigung der Herstellung von 
Z»ukoxyd.*’ p. C5. W. Knapp. Halle. 1935. 
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Of the various modifications that have been developed in the volatilization method 
of producmg antimony trioxide, the following important ones are described 

Herrensckmidl Process — Figure is a longitudinal section and view of Hcrren- 
schmidt'a finally perfected equipment (1908) Figure 9a is a cross section of a roasting 
furnace along AB Figure 9c is a longitudinal section along JY 

The broken ore, carrying 10 to 20 per cent antimony, is charged, mixed with 4 to 8 
per cent charcoal, into the roasting furnace a the bottom of which is formed by hori- 
zontal iron bars b The volatile antimony trioxide is deposited on condensation 
pipes e, m the condensing chambers d, under suction from the two fans h The last 
trace of the uncondensed oxide is caught by the water coming from the coke toner t, 
at the top of which are the water pipe j and the seesau nater distributor k The 
roastmg furnace is built partly of bricks, partly of cast metal The condensing 
chambers are of cast iron, and the coke tow er of y, ood Fach condensing chamber w 
1 m long 



With mme run ores, »'arrying 10 to 15 per cent antimony, 6 tons can be treated m 
24 hr , with a fuel consumption of 4 to 5 per cent gas coke or 6 to 7 per cent charcoal 
With ore containing 18 to 20 per cent antimony, 4^ tons per 24 hr can be treated 
with a fuel burden of 5 to 6 per cent gas coke or 7 to 8 per cent charcoal Each unit 
emyjqyii imr wrvrimfiD jier 54 hr , ibe pmwp reqa-Kw 3 kp 

Gas coke gives better results, if obtainable, but most of this antunony work is 
done m out-of-the-way places, where charcoal is cneaper 

The size of the ore treated is 1 to 4 cm Ore dust must be separated out, and, if 
present m large quantity, must be bnquetted with 7 or 8 per cent clay into balls of 
proper size and charged along with the ore The workmg of the furnace prot,“eds 
as follows 

A charge of old scoria is placed on the grates up to a height of about 10 cm above 
the uppermost bar, and wood and charcoal are put m to a height of another 10 cm 
As soon as the fuel is hghted and burning freely, another charge of 300 kg of scona, 
mixed with 6 per cent charcoal, is put m Finally, when the furnace is up almost to 
full heat, an ore charge of 50 kg , mixed with 2 kg of charcoal, is put m, and this is 
continued until the furnace is full to within 30 cm from the mouth The same charge 
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’s repeated every 12 to 14 min., according to tlie rate of revolution of the ventilating 
fans — which is 1200 to 1400 r.p.m.— and the scoria is discharged accordingly. 

The temperature of roasting, for trioxide production, should not be over SOO^'C. 
About 30 cu. m. of water per day are required for one apparatus. 

The loss of antimony in the Herrensclimidt apparatus is variable, approximating 
10 per cent; the skill of the laborer is all-important. By manipulation and spreading 
of ore and fuel so that the ore is thoroughly burned and the antimony contents fully 
volatilized, the percentage of fuel can at times be cut doTO to about 3 per cent, and 
the yield of oxide can be increased to 95 per cent. 

The Wah Chang Mining & Smelting Co.'s plants in China, for several years the 
leading producers of antimony, used about 15 per cent charcoal on ore running 20 to 
35 per cent antimony ; if the charge consisted of liquation residue, the charcoal required 
amounted to 20 to 22 per cent for coarse and 24 per cent for fine. The scoria dis- 
charged from the shaft furnaces generally carried about 3.5 per cent antimony from 
ore charges, and 4 5 per cent antimony from the liquation residue charge. 



The FoUsain Furnace.* — In 1926, Friedr. ICrupp-Grusonwerk A. G. patented the 
so-called Waelz process for the treatment of zinc, lead, cadmium, arsenic, antimony, 
bismuth, and tin ores. This process has been adopted by the Podrmgi Consolidated 
Mines Ltd., in their antimony smelting work at Krupanj, Yugoslavia. In principle, 
the Waelz process is somewhat similar to the Follsain process. 

The Follsain furnace as illustrated by the diagrammatic drawing (Fjg. 10) is a 
revol ving furnace. The preheating kiln is approximately 30 ft. long and 36 in. internal 
diameter, and the secondar^^ or carbon combustion zone is about 7 or 8 ft. long by 6 or 
7 ft. diameter. The air for combustion is heated in an air heater to about 750 
The waste gases carrying the antimony trioxide fume leave the kiln at a temperature 
of 230 to 250^0. and axe then passed to a Cottrell electric precipitation plant for the 
recovery of the antimony trioxide. Fuel consumption is 25 to 30 per cent of the 
weight of ore charged. Power consumption is 5)^ to 6 kw.-hr. per ton of ore treated. 
For the treatment of, say, 20 tons of 20 per cent Sb ore per day, two revolving furnaces, 
as illustrated, are required. 

Antimony Smelting at Cortis Rosas (Ballao), Sardinia.^— It is interesting to note 
that in this smelter a converter has been adopted for the volatilization process. It 
seems that this converter is an adoption of the '^convertisseur" apparatus patented 

'Pn\a(e informition from rollsam Syndicate Ltd, (London), 

« Sul tritt^mcnto ejei mincrflli di antimonio in Sardegna, Induslria, Vol. 32 , pp. 437 - 438 , July 31 . 
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by Collin* in France The con%erter is composed of two parts, as shown in Fig 11, 
the bottom part, which is hemispherical m shape and can be revolved horuontallj 
on two bearings for the discharging of its contents, and the top part, which acts as a 
hood Compressed air enters from the bottom, while the volatile fume is drawn 
from the top of the hood by means of an aspirator 1 his method is special!} adaptable 
to the treatment of fine ore especially ore of a calcareous nature, which if treated in a 
shaft furnace would render the operation difficult and troublesome 



Fio 11 — COTtis Rosas converter 


The Blast Roaster * — The Mast roaster as shown in Fig 12 is intended to be an 
improi ement of the usual shaft furnace for treating low grade antimon} ores It is 
in principle a modified form of w ater-seal gas producer emplo} mg mechanical charging 
and dischargmg devices The blower dehiers air to an annular space or wind box 
around the furnace, before entenng the latter through the grate The coke consump- 
tion for the roasting proper wall be low er than that for an ordmarj shaft furnace, as 
the air is preheated 

The blast roaster differs from the ordinal} abaft roasting furnace rnaml} m that 
it uses air under pressure instead of under suction Since the product of roasting 
IS volatile antimony tnoxide, it is ob%nous that an upward movement of air under 
pressure through the ore bed would be more positive in assistmg \olatihration of the 
tnoxide besides furnishmg the necessary oxygen for chemical reactions It also uses a 
principle of blast roasting in its progressive roastmg action through the ore bed, but 
it differs from the general practice of blast roasting in that the sulphur content of the 
whole charge is low, only about 717 per cent (assuming 20 per cent Sb ore grade and 
10 per cent coke consumption) as agauist 12 to 14 per cent for lead and luic ores in 
blast roastmg, therefore there will be no mcipient fusion of the ore particles, which is 
an essential factor of the latter process Although it is like a gas producer in both 

• Convertisaeur pour la g^paraUon d*a m4taux fixes et volatiU dans les nuo^raux complexes. Msrccl 
Colhn French patent 428708 Sept 6 1911 

•Private commuDication from C C Chao metallurgist of tie National Resources Cooimisson* 
China 
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construction and operation, there will be no reducing effect because (1) the coke in the 
charge is isolated by the excessive gangue of ore and (2) the blast delivered will be 
more than sufficient for the theoretical roasting and combustion, thus ensuring an 
oxidizing atmosphere throughout the ore column. It also differs from the blast-fur- 
nace smelting in not slagging the gangue udth ffuxes and in treating a low grade of ore. 
Thus there will be no self-reduction effect of stibnite. 
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Fig. 12. — Blast roaster. 


Other Processes for Preparation of the Trioxide. — There are perhaps a dozen 
processes for the preparation of the volatile trioxide, which at different periods, in 
France, Italy, and Germany, have had some prestige. In all of them, the principle 
of roasting, volatilizing, and condensation of the oxide is, of course, the same; differ- 
ences exist merely in the forms of furnaces, condensers, and methods of collecting 
the oxide. 

In the ChatUlon process, which has been employed on a large scale in France, the 
furnace consists of two double cupolas terminating in a common flue from which the 
volatilized o.xides are led to water-cooled condensing chambers made of sheet iron. 
The upper cupolas are charged with alternate layers of fuel and ore, and as the liquated 
sulphide melts and falls through to the lower cupola, it meets an upward current of 
hot air that converts it into the trioxide, SbsOa. Before leaving the plant the gases 
are reduced to a temperature of lOO^C. and passed through a baghouse. The sub- 
limate obtained contains 98 to 99 ner cent antimony trioxide. 
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Th« Blast Furnace — The blast furnace can be operated as a producer of both 
antimoH} tnoxide and metal at the same Ume Treatment of this subject ■nUl be 
taken up under the next heading 

Pigment Tnoxidc — Tlie trioxidc, as produced in the treatment of the ore bj the 
xohtilwation proee^ is generally impure and eo3r«e and hence is not suitable for 
piginent purposes although it maj be used as an opacifjing agent for white enamels 
Tlie follow ing processes maj be adopted for the production of pigment tnoxidc 
Tlie process adopted bj the antimonj smelter at Costerfield, \ictoria, Australia, 
was as follows ‘ "Tlie furnace was a small circular cupola with four tu>dres at the 
top of the hearth and two more admitting air to the top of the charge aboxe the feed 
door TTie condensing section of this plant consisted of a firebrick and red bnck 
eliambor a t> clone and baghouse with a centrifugal fan placed m the circuit at the 
intake of the baghouse TJie oxide with a small amount of reduction slag from the 
starring furnace was chargetl into the furnace on a bod of burning coke where it soon 
a olatilued The cooling of this oxide took 
place xen rapidlj so that it was deposited 
raostl j in the amorphous form as \ erj small 
spheres A small amount of crjstallineoxide 

was also collected at the cyclone 1 he bag- 
house product was the most suitable as a 
pigment on account of the fine state of divi- 
sion of the particles approximatclj 0 0025 
ram in diameter, and its spherical form and 
w hitenees " 

\ntonm Germot* proposes the following 
method of msmifacturmg antimonj tnoxidc 
A furnace / (Fig 13) m masonrj, heated to 
fio 13 — Germol tnoxidc furnace the appropnate temperature by anj known 

means, preference being given to efectneaf 
ri sistances r receiv es an in\ erted bell 6 providcil w ith one or more blow ing in tubes f 
winch open at the lower part of the furnace the orifices of the tubes being disposed 
above the lower edge of the bell Tlie bell ti dipping into the metallic bath a, thus 
forms a eloseil chamber d w Inch contains onlj the air or oxygen blow n in b> lubes / 
The air oxulires the molten metaUic anlimonj to Sb-Oi in the state of clouds of 
impalpable jxiwder, which ls discharged through the neck c and collects in any settling 
chambers Fresh antimony m lumps ls added to the bath from time to time 
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Antimony oxide pigment,^ kno^vn in England tinder the trade name Timonox, is 
now manufactured in France by a patented process, ^ by which metallic antimony 
obtained by dissociating the trisulphide at a high temperature, probably above 
1020^0., is subsequently oxidized to the trioxide. Traces of sulphur trioxide in 
the antimony oxide are removed by vigorous washing in lime water, agitated by 
compressed air. 

The main points of the process^ as patented by the Deutsche Schmelz-u.-Raffinior- 
werke A. G. for the manufacture of antimony oxide for pigment purposes are: (1) 
the air for oxidizing the metal is diluted by nitrogen, carbon dioxide, combustion 
gases, principally by exhaust gases; (2) the antimony used is directly heated by burn- 
ing gas which plays on the surface of the metal; (3) the oxygen content of the flame is 
so adjusted that the antimony oxide obtained is amorphous; (4) the temperature of 
the antimony bath must be brought to about 1000°C. 



Methods for the Production of Metallic Antimony. — ^Tlie last phase in the metal- 
lurgy of antimony is the production and refining of metallic antimony. Unrefined 
antimony metal is sometimes called crude antimony, but the metal is never marketed 
in this form; the name would be confused with liquated sulphide which is commonly 
called crude antimony, or more correctly antimony crudum. Antimony metal may 
be obtained from (1) the oxides (trioxide or tetroxide), (2) from antimony cnidumy 
or (3) by direct smelting of antimony ores. Of these methods, the bulk of the world's 
aulimon^’", up to the present time, has been produced by the first two mentioned. 

The direct smelting of metal from its ores was receiving a great deal of attention, 
however, in the Onited States (San Pedro), Mexico (WadlejOj imd England during 
the period just preceding 1918, and in earlier years at Banj^a in Bohemia, and some 
very successful results were being achieved. It is not overstating the case to sa}^ 
that the operators of the blast furnaces engaged in this direct smelting had, prior to 
the great metal depression, already accomplished such progress in the normal blast- 
furnace reduction of antimony ores as to indicate the possibility of a complete recon- 
struction of the practice of antimony metallurgy. In fact, at the present time, at 
the Laredo plant in Texas,, at a plant near ^lexico City, ^^lexico, and at a plant in 
France, blasMurnacc practice is adopted. It is well demonstrated that the blast 
furnace is the best appliance for a certain class of antimony ores — those containing 

^ Chem. Trade /our., Vol. S3, pp. 337-33S, 303-364, Oct. 19, 20, 1928. 

^Metall «. Erz., Vol. 29, pp, 105-113, M.'irch, 1932. 

•British patent 345034, Mar. 19, 1931. 
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about 23 to 40 per cent of meti? The«e are too high to be best suited for roasting 
and are yet too poor for liquation or direct precipitation smelting, and for their 
treatment, as iieli as for b\ -products of the same richness, the blast furnace offeis 
undouhtcdlj the best method 

Lndcr the methods that ha% e, m general, so far prei ailed, reduction of the oxides 
n earned out either m rei erberatorj furnaces, in water jacketed or blast furnaces, or 
in crucibles In reducing the oxide, care must be t^ken to control volatduation and 
to keep an3 unaltered sulphide out of the mass of rnetal A fusible slag is utilized 
nhich forms a cover preventing volatilization and \ihich also dissolves any metallic 
sulphides left This slag, composed of soda, potash, and Glauber’s salt, acts as a 
refining agent, earning off most of the impurities that may be m the oxides On 
ores cam ing Ion percentages of antimony, the volatilization and reduction processes 
arc used because thej are considered to be the cheapest of all methods and produce 
a 'crj pure metal 


A 
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are charged into the furnace, about 40 lb» every 15 or 20 min. The charge is then well 
stirred, and the scum produced is drawi off. After the last charge has been put in, 
the temperature of the furnace is raised and kept up until the process is completed. 
During the smelting, the charcoal acts as a reducing agent, robbing the antimony ot 
its oxygen, while part of the soda combines udth the sulphur, and the remainder helps 
to form a slag with the gangue. Any other metals present are carried into the slag 



Fig. 16 .“ — Section of reduction reverberator3\ 


as sulphides by the action of the sulphide of soda which is produced through the 
reduction of the Glauber's salt by the charcoal. Common salt serves the same pur- 
pose by carrying foreign metals into the slag as chlorides. 

The fuel consumption is somewhere between 5 and 6 cwt. per charge, and the loss 
is usually about 14 to 15 per cent, \yhen considerable antimony sulphide is present, 
a little iron or iron slag may be added to assist in reducing the sulphide. When the 
smelting is complete, the metal is drawn off into molds through a tapping hole, and 



during the cooling in tlic mold, care must be taken to have it completely covered over 
with slag. When the metal solidifies, the slag is knocked off by hammering. 

The charge is thoroughly rabbled after about 6 hr. in the furnace, and the metal 
separates out from the slag which is skimmed out, and is soon ready for tapping into 
molds. The ‘‘starring" of the regulus is done in the mold. A purifying mixture, 
composed of 6 parts of carbonate of soda and 4 parts of antimony trio.xide, is melted 
doun ill a small chamber at one end of the reverberatory furnace or in the furnace 
itself after the slag is skimmed awa 3 \ W heii the metal is ready to be tapped, some 
of this molten mixture is poured into the molds to be used. The regulus is then run 
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into these molds, and the purif>iQg mixture, being lighter, immediately comes to the 
top, forming a cover over the regulus IVhen the metal sohdtfies, any of the mixture 
remaining on top is removed by hammering 

Reduction of Oxides in Water -jacketed Blast Furnace — In Cahfornia and 
Mexico, blast furnace smelting of antimony ores has been brought to a high degree 
of efficiency The manipulation of the furnace and charge has much in common with 
the ordmary practice of the lead blast furnace 

Roasted ore, briquetted flue dust and oxides, and smaller amounts of unroasted 
stibnite, together with siLceous waste for slag formmg material, make up the charge 
Recovery of antimony runs 95 to 98 per cent, slags carrymg about 1 per cent, some- 
times tunning as low as 0 25 per cent, of antimony 

The Cookson plant, at Wadley, Mexico, handled ores of a refractory nature and 
of compiratn ely low grade The antimony content varied from 25 to 40 per cent 
The ores at Wadley were, in the main, oxidized, between 80 and 90 per cent of the 
antimony being present as oxide, the remainder being sulphide The gangue was 
siliceous and calcareous On account of the refractory nature of the ores and their 
oxidized condition, the comparative^ simple methods of smelting adopted in China 
were not satisfactory nor could the usual Lnglish methods be employed 1 hey ha\ e, 
however, proved amenable to blast-furnace treatment The plant was somewhat 
elaborate and costly, m comparison with the reverberatory methods, but excellent 
smelting results w ere obtained The plant was seldom m operation with antimony 
below 12 cents per lb , c i f New York 

The ores, after rough concentration, were smelted m rectangular w atcr-jacketed 
blast furnaces, similar to those employed m smeltmg lead ores Limestone and iron 
ore were used as fluxes and coke as the reducing agent The blast furnaces were 
some 28 ft high, 5 X 3 ft hearth area, and w ere blown by compressors dehvering air 
at a pressure of 2 to 3 in of mercury A forehearth was provided to separate the 
metal from the slag Owing to the high temperature attamed m the blast furnace, 
md to the aolatiJity of antimony, very efficient baghouses were necessary to deal with 
the fume earned over in the blast-furnace gases The fume was briquetted and 
worked off with the ore m the blast furnaces By runnmg a highly sibceous slag, 
the antimony content of the slag was kept down to about 1 per cent 

The antimony obtained as above, generally termed “singles,” contained 5 to 
7 per cent iron and 1 to 2 per cent sulphur Deleterious impurities w ere practically 
absent, as the ores, apart from their low grade, were verj pure 

The iron and sulphur in the singles were removed by submitting the metal to the 
“doublmg” process, which consisted of a combination of Lquation and fusion under 
alkabnc fluxes in reverberatorj furnaces The resulting “doubles" were further 
refined and starred by Cookson & Co ’s special starring process, the resultmg “Star" 
antimony being of high quality and guaranteed 99 6 pe- cent purity 

Reduction of Oxides in Crucibles — ^This method of reduction is now seldom used 
The use of crucibles and pot furnaces precludes the working of large charges Fuel 
consumption is high, and each pot has a life of only sc\ en or eight charges 

Extraction of Metal from Crude — Antimony crude or antimonj “ncetlle” is 
frequently marketed and used for \arious purposes such as for aoilcanizing rubber, 
matchmaking, and for ammunition manufacture As the market for crude is limited, 
it 13 necessary to convert the greater part of it into antimony rcgulus This may be 
done m one of two different w aj s (1> conversion of the sulphide into antimony oxides, 
and then reducing the oxides in reverberatorj furnaces, (2) direct smelting of the 
sulphide to metal, iron being added as the reducing agent 

English Precipitahon Method— In China, the English precipitation has been 
found too inconvenient and costly to compete successfully with the oxidizmg methods, 
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and the latter have become the accepted mode of treatment for crude in that field. 
In England, Hungary, Japan, and Mexico, however, the precipitation method remains 
in vogue, rich ore or antimony cruduTn being directly reduced to metal by crucible 
fusion with metallic iron. The fundamental principle involved in this method is 
the greater affinity of sulphur for iron than for antimony. In the precipitation process, 
iron is used to decompose the sulphide of antimony to give sulphide of iron and 
antimony as in the equation 


SbsSs + Fea = 2Sb + 3FeS 

Iron sulphide is formed, even at a comparatively low temperature, the antimony 
being separated out in the metallic state. The high specific gravity of the iron 
sulphide makes it difficult to separate the antimony from the iron sulphide, and it is 
necessary to add sodium sulphate and carbon in order to produce sodium sulphide, 
which, combining with the iron sulphide, forms a fusible matte of low specific gravity. 
In England, instead of sodium sulphate and carbon, common salt is used. The iron 
is usually added in the form of turnings, shavings, or tin-plate cuttings. The propor- 
tion of iron must be carefully controlled, for if sulphides of lead and arsenic are present, 
they null be reduced by any excess of iron not taken up by the stibnite and will 
enter into the antimony metal as impurities. 

It is found in practice that the theoretical amount of iron required for desulphuriz- 
ing the stibnite is not sufficient, owing to the fact that part of the iron is taken up in 
decomposing the sodium sulphate. 

Losses of antimony in the precipitation method occur from both volatilization and 
slagging, running 10 per cent, or over. Ordinarily, the process is carried out in 
crucible furnaces. Shaft and reverberatory furnaces are used in some cases, but the 
metal losses are much greater in the latter furnaces. 

The English process proceeds as follows: The stibnite is reduced by metallic iron 
in crucibles in a long reverb era to furnace. Dimensions of the furnace are: length, 
54 ft.; width (inside), 7 ft, 4 in. The bed is covered by a low arch which springs 
almost from the surface of the ground, the bed itself being below ground level. It is 
heated by a fireplace at each end, a common flue taking off from the middle of the 
furnace floor. The sides and roof of the furnace arc covered with castr-iron plates. 

The crucibles are lowered into place through 14-in. circular holes in the arch, 
42 holes (21 on each side) being provided. The pair of crucibles nearest the fireplaces 
at each end is kept for “starring,” or refining, the crude metal. Each crucible takes 
a charge of ore (hazelnut size), 42 lb, ; iron, 16 lb.; common salt, 4 lb.; skimmings (from 
the doubling operation), or slag from previous smelting, 1 lb. 

Tinned scrap is preferred; for insertion into the crucible it is pounded into a round 
ball, large enough to fit the top of the crucible. The balance of the iron required is 
in the form of turnings or borings, which are mixed with the ore, together with the 
salt. The mixture is dropped into the crucible through a funnel; the furnace hole is 
then closed for half an hour, when the crucible is examined. The salt used assists 
the separation of the slag and tends to promote the fusion of the siliceous material. 
On an average, four meltings arc made in each crucible per 12 hr,; the richer the ore, 
the sliortcr is the time required. 

The crucibles arc made of a mixture of graphite and fire clay and are generally 
20 in, high and 11 in. across the mouth. The crucible, dry, weighs 42 lb,, of which 
approximately 36 lb. is fire clay and 6 lb. graphite. 

A mold, conical in shape, is placed opposite each crucible. The metal obtained 
is known as “singles,” and contains about 91.6 per cent antimony, 7.3 per cent iron, 
0.8 per cent sulphur, and 0.3 per cent insoluble matter. 
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Tbe singles are ne'^t pun0ed by fusion tv itb a small amount of bquated suipbide of 
antimony, to remove the iron remainmg in the metal The charge for this second, or 
“doubling,” process is singles (broken small), 84 Ib , antimony crude, 7 lb , salt, 41b 

The fused mass is stirred occasionally nuth an iron rod, the time required for one 
charge bemg about IH hr When fusion is complete, the slag and matte are ladled 
off with an iron spoon and the contents of the crucible poured into the molds used in 
the previous fusion, the matte and skimmmgs are added to subsequent ore smeltings 
The metal thus obtamed is knorv-n as “star bowls,” and contams 9&0 to 99 63 per 
cent antimony, 0 18 per cent iron, and 0 16 per cent sulphur ‘ 

The effectiveness of this second liquation can be understood when it is remembered 
that in such an alloy of antimony and iron mtermetalhc compounds are present One 
of these with the chemical formula FejSbj, has a freezing pomt of 101 6®C , and another 
(FeSbj), which forms from FejSbi and liquid, crystalhzes out at 730“C The melting 
pomt of pure antimony is BSO’C Hence, m the heating up of this alloy, the antimony 
first melts and the antimony iron compounds tend to separate and rise to the surface 
These are then ‘ taken up ” by the slag and removed from the bath of metal under 
purification 

The presence of sulphur, due to the excess of crude used, is indicated by the crystal 
line pattern that forms on the surface of the metal being covered with small glistening 
patches, the latter bemg known as “flouring ” In order to remove this sulphur, 
another fusion is necessary 

Starring — The custom of the trade is to demand antimony that is “starred,” or 
crystallized, on the upper surface and it is at this stage that this "star” is obtained 
These two results are accomplished by melting the metal with what is knowTi as the 
“antimony flux,” a substance that is often difficult to obtain, m proper composition, 
at first This flux is prepared by rule-of-thumb method, about as follows 3 parts of 
ordinary potash are melted in a crucible, and 2 parts of ground liquated sulphide are 
mixed in When fusion has become quiet, the mixture is poured out and tried on a 
small scale to find out whether it yields a good star If the star is satisfactory, the 
ingot of metal obtained is then broken and the metal exammed in order to determine 
whether it is free from sulphur If, however, a good star is not obtained, the flux is 
remelted, and more of one ingredient or the other is added as experience dictates 

The first of these operations of the precipitation process — smelting the crude with 
iron — IS called “singling,” the second operation — ^resmelting the singles for the produc 
tion of the bowl metal— is called “doubbng,” and the last operation is called “refin- 
ing,” or “frcnching ” 

Direct Extraction of Metal from Ore or Crude — (Reverberatory Bath Furnaces) 
Several patents have been taken out (Sanderson, Cookson, Herrenschmidt) on the 
direct smeltmg of antimonj sulphide m a bath of ferrous sulphide, on the hearth of a 
reverberatorj furnace This method has given good results but has had no wide 
adoption commercially After the hot ore has been charged mto the reverberatory 
and thoroughly rabbled, iron is added together with a certain amount of soda ash, the 
temperature raised, and, when decomposition of stibnite by iron is complete, the 
antimony metal is tapped The tapholc is closed as soon as the iron sulphide appears 
Slag 18 drawn through the working doors and as the iron sulphide increases dunng the 
operation it is removed until the bath is reduced to its original depth 

At a smelter m Maj enne, France,* using a reverberatory furnace with a bed 10 ft 
long by 4 ft wide, the charge made up everj 3 hr was as follows 

» In Japan at the Saijo Pmeltery the Star Bowl metal carried 97 to 98 per cent Sb I 5 per cent Fe 
and 0 7 to 0 8 per cent S 

• CowLAND The MetaUurgy of Non ferro s Metals ’ revised by C D Bannister 4tli ed 193# 
pp 570-676 
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Rich ore (50 to 60 per cent Sb) 

Worked ore fines (about 45 per cent Sb) 

Slag from second or refining fusion (about 20 per cent Sb) 

Sodium carbonate 

Scrap iron 


Pounds 
. 992 
. 330 
. 44 

. 44 

. 529 


At the Wilhelmsberg Works, in Germany, reverberatory furnaces fired with gas 
were adopted for the smelting of the crude. The first smelting was done in a furnace 
elliptical hearth whose area was 300 X 500 cm. The charge was made up 
of 3000 kg. of crude and 1000 to 2000 kg. of iron, soda, salt, slag, and charcoal or 
anthracite. The use of powdered charcoal or anthracite was to prevent the excessive 
loss of antimony due to volatilization. The time required for the smelting was 5 to 6 
hr., and the consumption of coal was 525 kg. per ton of the crude charged. The 
crude metal contained on an average 3.5 per cent Fe. The average result was Sb in 
the raw metal, 86 to 88 per cent; Sb in the slag, 8 to 10 per cent; loss due to volatiliza- 
tion, 4 to 6 per cent. This metal was refined in another reverberatory furnace, having 
a hearth area of 150 X 250 cm. The charge was made up of 1500 kg, of raw metal, 
plus soda, charcoal or anthracite, old refinery slag or couverture slag. Time required 
was H to % hr., and the coal required was 400 kg. per ton of regulus produced. 
Average loss was 6.5 per cent, counting the antimony content of metal in the raw 
metal as well as that of the slag and couverture charged. 

Water-jacket Blast-furnace Smelting. — The blast-furnace smelting of antimony 
ores, both sulphide and oxide, is entirely feasible and will undoubtedly come into more 
common use as the industry advances. Already, in Mexico, Cahfornia, and England, 
successful blast-furnace smelting has been under way for several years, proceeding 
along lines only slightly modified from regular lead-smelting practice. 

The operators of these blast-furnace plants are most enthusiastic regarding the 
advantages and ultimate general adoption of this method, asserting confidently that 
the first page of antimony metallurgy has hardly been written and that the blasts 
furnace process will extensively replace the old existing methods in the industry. 
That this may come about in Europe, Mexico, and America there is little question. 
Under existing ownerships and conditions in China, however, it is extremely improb- 
able that any reshaping of the industry will take place. 

Attempts to smelt unroasted stibnite ores in water-jacketed blast furnaces did not 
come to any successful result until recent years, and published information on the 
subject is exceedingly meager. There is a marked difference in the beha\dor of 
stibnite and that of other metallic sulpliides in the blast furnace. It has been found 
best to add no metallic iron to the charge and to regulate the coke so as to preclude 
any reduction of ferrous oxide in the flux. No iron available for matte is provided, and 
matte is usuallj^ absent. Any addition, or presence, of metallic iron will always result 
in the production of an antimony-iron alloy — speiss. 

It is usually found that the contents of the furnace crucible gradually freeze from 
the bottom upward, and the entire crucible is eventually a solid mass. It is fre- 
quently the practice to fill the crucible with firebrick and separate the mixed flow of 
slag and metal in a shallow reverberatory forehearth. 

While the blast-furnace smelting of stibnite has not enjoyed the long industrial 
history of the volatilization and English precipitation methods, it is to be stated that 
the best conditions for the process appear to be less than 10 per cent of coke, low blast 
pressure, low metal content of the charge (about 10 per cent), high smelting column 
(over 15 ft.), and separation of slag and metal in a heated forehearth. In an efficient 
plant, the great bulk of the volatilized material is recovered in baghouscs, but it is, of 
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course, uodesu-aWe to have to re treat a large amount of fine tnateTsal unsuitable for 
blast furnace work The flue dust is best treated m a reverberatory, while the fume 
IS useful m refining or it may be used as raw material for the manufacture of antimony 
compounds 

The blast-furnace process does not appear to be adapted for tbe treatment of 
high grade stibnite ore Loss by volatibzation is common to all forms of antimony 
smelting, and in this respect tbe blast furnace is far worse than the reverberatorj, 
where a lajer of flux or slag protects the metal With low grade material, however, 
which it is difficult or wasteful to treat by other methods, tbe blast furnace offers 
decided advantages t e , where large quantities of poor ores, foul slags, mattes, or 
liquation residues have to be worked up It is a favored mode of smelling for all 
materials containing about 25 to 40 per cent antimony, which can be mixed with 
fluxes to give a charge sufficiently poor m metal to hold down volatilization 

It 13 pomted out by Schoeller* that tbe production of antimony from stibmte ui 
tbe blast furnace is an oxidizing process m which the metal is formed m two stages 
that proceed simultaneously (1) the molten stibnite absorbs oxygen from the blast 
(2) the oxide at once reacts with the unaltered sulphide (roast reaction process) 
to form metal and sulphur dioxide, thus 

2Sb!S, + 90i = 2SbsO, -f- 6SO* 

2Sb,0, + Sb^3 « 6Sb + SSO, 

In endorsing this theory of the blast furnace process, it is realized that it has been 
a commonly held belief that antimony sulphide and tnoxide do not react on each 
other as do the corresponding lead and copper compounds, but that the antimony 
compounds fuse together to an antimony glass The latter reaction occurs, 
•without question if the oxide-sulpbide mixture is fused m a crucible under a laver 
of salt, but if stibnite is roasted with msufficient access of air, some oxide will be 
formed which -wdl react ■with the unaltered sulphide, part of the antimony settling 
out in a metallic state The roast-reaction, process does, therefore, have a part m 
the smeltmg of antimony It appears in some degree as 117611, in the process of 
liquation, the metallurgical operation carried on on a large scale in Chma for the 
concentration by fire of antimony sulphide ores Examination of this crude dit- 
closcs the fact that it is not pure antimony sulphide, but a complex solid solution 
containing oxide and free metal The molten sulphide in trickling down from the 
upper pot absorbs oxygen from tbe air rismg from the crude already collected, which 
partly converts it to tnoxide This reacts -with more sulphide to form metal and SO,, 
which latter is carried away bj the draft, allowing the reaction to proceed Once 
the material has collected in the lower pot the reaction is arrested on account of the 
\ww« -ziiri Vne -simWi wocriitcc txpusifi It is Ynus proi ed Vhal mo’Acn 

antunonj sulphide by itself, m an air current, is partly converted into antimony, and 
the product also contains the tnoxide 

The Mace Blast Furnace *— The Mace blast furnace is a distmct improvement 
on ihc usual typo of blast furnace for antimony smelting The mam variations from 
the old type blast furnace are (1) diametrically opposed rectangular tuyeres below 
the shaft of the furnace m place of tbe circular tuyeres spaced at regular mtervals 
in the lower part of the water jackets, and (2) a remoxable crucible in place of a solid 
crucible built on the ground There are several advantages m the use of the rec 
tangular tuyeres which extend the full length of the furnace on both sides The 

* Bljiat-furMM SmeltinB of SUbnite with ConsidersUon on the Metallurgy of Antimony TranM JntI 
Minina Wei itar^on) VoL 27 pp 237 207 1917 1918 

> FnvateoomiQUDica (ion from H C Mace 
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whole hearth area is active, and the dead spaces that exist between the tuyeres of the 
older tjTpe furnaces are eliminated. This gives a uniform and intense combustion 
over the entire hearth. 

On account of the open tuyere, the Mace furnace uses lower blast pressure (as 
low as 4 oz. per sq. in.) which is an important feature in continuous operation of the 
smaller units. The tuyeres are so constructed that the opening into the furnace 
hearth, can be adjusted. Tor oxidization and volatilization smelting, the slot is left 
wide open so that a large volvime of air under low pressure can be admitted. For 
reduction smelting, the slot is narrowed. Another advantage of the open tuj^ere is 
that any accretions can be removed from the furnace by drawing them into the wind 
box with the hook instead of punching the dead material back into the furnace as is 
necessary with the circular tuyeres. The advantages of the removable crucible are 
evident. 

The antimony plant set up recently near Mexico City, Mexico, has a Mace furnace 
in operation. The ore treated is an oxide ore, containing a small amount of stibnite; 
having the following composition: Sb, 36.0; Si02, 48.0; S, 5.0; Fc, 1.05; AI2O3, 0.6; 
CaO, 2.0; MgO, 1.4 per cent. 

The gangue is principally silica, running from 45 to 52 per cent, and the antimony 
runs from 35 to 38 per cent. Limestone and hematite are used for flux in the blast 
furnace to slag the silica, and the furnace charge is about 50 per cent ore and 50 per 
cent flux with 15 per cent of the weight of the charge coke. The furnace is run with 
a low column and a hot top to volatilize the maximum amount of the antimony. A 
small amount of antimony single metal, assaying 91 per cent antimony and 9 per cent 
iron, is produced, but no matte. The baghouse oxide assays 81.6 per cent antimony^ 
and apparently the only impurity in it is a small amount of carbon dust from the coke. 
The baghouse oxide is mixed with 15 per cent fine charcoal and 6 per cent soda ash 
and is reduced in a reverberatory furnace to metal. The capacity of the furnace is 
30 tons of charge in 24 lir* 

Blast-furnace Smelting for Antimonial Lead, — The International Lead Refining 
Co.^ treated antimony sulphide ore (25 to 60 per cent Sb, 6 to 45 per cent SiOo) and 
antimonj’^ oxide ore (20 to 40 per cent Sb, 10 to 45 per cent Si02) in a blast furnace, in 
which were added the secondary'' materials, such as battery plates, battery mud, lead 
oxide, paint and other refinery skins, to furnish the lead required for marketable 
antimonial lead. The blast-furnace equipment consisted of two five-tuyere 42-in, 
round furnaces, connected by a flue to the baghouse. On account of the high zinc 
and arsenic content in lead refinery by-products, a slag of the composition Si 02 , 26 per 
cent; FeO, 40 per cent; CaO and ZnO, 20 to 24 per cent, was maintained. An average 
analysis of slag for 6 months showed that it contained Sb, 0.6 per cent and Pb, 2.36 per 
cent. The actual blast-furnace loss amounted to 2.4 per cent Sb and 1.50 per cent Pb, 
The furnace charge varied from 2500 to 3000 lb, with 13 per cent coke. Blast pressure 
was maintained at 10 to 12 oz. The two furnaces smelted 60 to 90 tons of lead and 
antimonial material per day, producing 30 to 35 tons of antimonial lead of the following 
composition: Sb, 13 per cent; Cu, 0.15 per cent; As 0.75, per cent; Pb, 86.1 per cent, 

Antimonial Lead, — One example of production in the United States is at the 
Pittsburgh Plant of Federated Metals Co., where a circular blast furnace 42 in. diani'- 
eter at the tuyeres, with 10-ft. water jackets, treats approximately 100 tons per day 
of smelting stock made up of antimony-bearing lead battery plates and lugs (carrying 
69 to 92 per cent Pb and about 4 per cent Sb), antimony ore, returned slag, limerock, 
8.0 per cent coke, and 4 to 5 per cent scrap iron. Blast pressure is 24 oz. The anti^ 
mony ore used lias about 40 per cent Sb, 1 per cent Pb, and tlie antimony recover}^ 
is about 85 per cent of the total antimony smelted. The products are approximately 

' Huiat, TceiaUtv?. Otes, Chem. Eng,, Yol, 2t, p. 72T, 1010. 
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71 per cent antimonial lead metal (carrj mg 88 4 per cent Pb, 11 3 per cent Sb), 17 per 
cent discard slag, 2 3 per cent matte, and 10 per cent fume and dust 

Converters —Sulphide ore of antimony can be smelted in a converter mto which 
air IS blown, but this is not a method m practical use The air bums part of the 
sulphur of the ore, with the production of sulphurous acid and the metal itself Anti 
mony sulphide fumes are formed also, and these, if acted upon by a current of air, 
give antimony oxide 

The Hodson-Wang Process of Antimony Smeltmg — An interesting combination 
of accepted methods of ore reduction is found in the Hodson-Waiig continuous “flash ” 
process,* which process utilizes the heat of the reduction reaction and also permits 



removal of all gangue from the ore during roasting treatment Pulverized ore i9 
generally used although one adaptation of the process is designed for use of lump ore 
TW CSC, la vn ■vstc&'taiiis WiiVisli nr \iuimiiAa\ lAisTrAjei Vjf 

waste gases from the reduction furnace Antimony m the ore is earned off to the 
mam reduction chamber as tnoxrde gas and all gangue matter drops to the bottom 
of the first chamber The volatile trioxide formed is injected directly into a vertical 
shaft furnace with gaseous media (or w ith preheated air and carbon), and the mixture 
of reducing gas and oxide particles is kept m violently turbulent rnotion by a sudden 
reversal of direction This agitation in the reducing gas promotes speed of reaction 
and prevents formation of an envelope of nonreducing gas around the oxide particles 
The reduced metal, in fine liquid form is collected in a lower chamber W ith arsenical 
ores, usuallj sulphide, the arsenic forms volatile ar«emc trioxide ro the first, roastmg 
chamber together with the nntimonj trioxide It will be reduced along with anti- 

‘ <U 8 patent 2M5039 Kept S 1942 ) Granted in the United Statea Canada Mex co and Bolivia 
applied for 10 Italy Japan Germany Brant Belgium 
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mony in the second chamber. However, as arsenic sublimes at a temperature of 
615°C. and the reduction furnace is kept at about 800®, the antimony condenses out 
as a liquid, while arsenic remains a vapor and can be carried off with the gases for 
subsequent collection. 

By-products of Antimony Smelting. — ^The by-products produced in the foregoing 
processes include liquation residues, matte, slags, and flue dust. The slags obtained 
from the extraction by the roasting and reduction method consist principally of 
silicates; those from the precipitation method, silicates and sulphides. They are 
thrown away if not sufficiently rich to be used in the first smelting of the ores. The 
other by-products are all added to the charges in smelting the ores, the liquation dross 
being first roasted. The flue dust is intimately mixed with soda ash, before smelting. 
Liquation residues are also sometimes treated separately in shaft furnaces. 

The extraction by wet methods of antimony from its ores has had much attention in 
European centers, but it is still a matter of academic discussion, rather than practical 
application. Solution of stibnite is readily effected in sodium sulphide, sodium 
hydroxide, or calcium sulphide, and from such solutions antimony sulphide is pre- 
cipitated by carbon dioxide or sulphurous acid. There is little evidence, however, 
that commercial recovery of antimony from its ores by %Yet methods has come about. 

It is recognized that in the treatment of ores containing a mixture of the sulphides 
of antimony and lead, it would be difficult to separate the two metals. The study of 
Wagenmann^ establishes the fact that in order to separate the lead sulphide from such 
a mixture by a solution of NazS, the two sulphides present in the mixture must satisfy 
the chemical formula 2 PbS.Sb 2 S 3 or PbzSbjSs so that the reaction PbzSbzSs + 2 Na 2 S 
« Na 4 Sb 2 S 5 + 2PbS would take place. In other words, when the SbaSs in the 
mixture is less than 41 per cent, enough SbzSs must be melted with the mixture in 
order to bring it up to 41 per cent. 

Electrolytic Extraction of Antimony. — ^The supply of antimony for the world^s 
needs to date has come almost entirely through the application of dry methods. 
Poor antimony ores either have not been used in the past, or have been subjected 
to a volatilizing roast, with subsequent reduction of the trioxide, usually in rever- 
beratory furnaces. This is, however, a somewhat laborious metallurgical operation, 
and the application of elcctrol^’^tic methods as a means of extraction from poor ores 
has long been desired. 

During the high-price years, a small electroh’’tic production occurred, the solvent 
being a 6 per cent sodium hydroxide solution, which gives an extraction without 
serious contamination with other metals. 

This solution, electrolyzed, deposits antimony of a veiy high purity, but in ordinary 
times the deposition of the antimony and the necessary regeneration of the electrolyte 
are too costly to make the process commercial. The chief difficulty is a troublesome 
accumulation of thiosulphate at the anode, which blocks the commercial success of the 
electrolytic process. 

MTien the solution is electrolyzed, the reaction at the cathode seems to be 
NasSbSj 4- 3H « Sb + 3NaSH 

while at the anode, sodium thiosulphate and NazS 2 are formed by oxidation. The 
G per cent NaOH solution holds about 3 per cent antimony at first, but as thiosulphate 
accumulates, the solvent power decreases until there lias accumulated one atom of 
sulphur for each atom of sodium present, when the solvent power has dropped to 
about 0,7 per cent. When this amount of sulphur has gone into solution, the iron 
anode commences to be attacked and falls to pieces rapidly. A practical insoluble 

' BoncHERs, Zinn, WismiU, Antimon, “MotalUuittenbetricbe,'* Vol. 4 pp. 134-13G, W. Knapp, 
Hfaie, 192 i. 
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anode has not been found The continuance of the process bej ond the point at which 
the sulphur in solution commences to be m a larger atomic percentage than the sodium 
requires the regeneration of the solution, or furnishing a new one If a new solution 

13 applied, it means the consumption of 1 lb of NaOH per pound of antimony 

The best naj to handle this situation seems to be the proposal by Demorest to 
evaporate the solution to drjTiess with exhaust steam , roast the residue in a reverbera- 
tory furnace to get rid of about half the sulphur, thus changing the thiosulphate to 
sulphate, then muc with coal and heat until it has all been reduced to NajS, which 
quichl} dissolves stibnite and can be put mto the circuit again Small-scale experi- 
ment shows this to be successful, but it has not been tried on a large scale 

J Koster and M B Roj er^ have developed a novel electrolytic process for the 
treatment of antimonial gold concentrates from ores found in the Yellow Pine Mine at 
Stibnite, Idaho, of the following composition Au, 1 66 os per ton, Ag, 6 34 oz per ton, 
Sb, 15 6 per cent As, 5 5 per cent Fe, 19 1 per cent, S, 25 0 per cent This concen- 
trate was first smelted with iron and soda ash in the proportion of 4 1 1, the crude 
metal obtamed, to be cast into anodes, had this composition Au, 8 4 oz per ton, Ag, 

14 6 oz per ton, Sb, 60 7 per cent. As, 7 5 per cent, Fe, 27 4 per cent, S, 5 9 per cent 

"The electroljte was prepared either by solution of antimony metal in sulphuric 

acid, evaporatmg to fumes of SOj, and solution of the white pasty mass in concen- 
trated hydiofluonc acid, or solution of antimony oxide in concentrated hydrofiuonc 
acid, filtering undissolved matter, addmg concentrated acid, and diluting to 80 g Sb 
and 500 g sulphuric acid per liter ” 

The crude metal from the smelting operation was cast into anodes in vertical 
molds 4 X 7 X ^ m The cathodes were of 16-gauge sheet copper and were in, 
longer and 14 m wider than the anode The most satisfactory current density was 
found at 6 amp per sq ft Current efficiency was found to be 99 to 100 per cent. 

The cathode metal was found to have the following analysis Au, trace, Ag, 1 1 to 
1 5 oz per ton Sb, 91 to 96 per cent. As, 3 to 7 per cent, Fe, 0 2 to 0 4 per cent, S, 
0 06 to 0 09 per cent This cathode metal, after purification by fusion with slag 
consisting of equal parts of NaOH NaCl, NajCOj, and NaNOi, followed by a starring 
fusion with 3 parts KiCOj and 2 parts SbiSi, was found to have an ansi j sis of Sb, 
99 73 per cent, As, 0 19 per cent, Fc, 0 06 per cent, S, 0 02 per cent The anode 
slime, containing most of the precious metals, was found to have an analysis of Au, 
70 to 133 oz per ton (80 to 94 pet cent reeoverj ), Ag, 1X4 to 237 oz per ton (30 to 
48 per cent recovery) , Sb, 4 to 8 per cent. As, 6 to 24 per cent, Fe, 35 to 45 per cent, S, 
14 to 28 per cent The matte from the precious smelting contamed, upon analysis 
Au, 0 26 oz per ton (7 per cent rceoverj ) , Ag, 5 9 oz per ton {50 per cent recovery) , 
Sb, 3 1 per cent (11 per cent recovery). As, 0 8 per cent, Fe, 52 6 per cent, S, 32 1 per 
cent The recovery of antimeny n aa {mind, f n he 8/1 tri fifit pn*: eeah, lev®!?- eoneea/jcote 
to marketable metal 

Electrolytic Anbmony.^— At the Bunker Hdl and Sullivan Minmg «L Ckincsntrating 
Co , Idaho, tetrahednte, 3CujS SbiSj, concentrates mixed with NajCOj, NajSOj, and 
coal arc fed to a three-electrode electric furnace Current, at 50 to 110 volts, flowing 
from electrode to furnace waU, the charge serving as the resistance, yields a melt 
temperature of about 2300'F Matte is tapped from the furnace, cooled, and crushed 
to pass 80 mesh The ground matte is leached with sodium sulphide solution at 
140’F. to form the electrolyte Undissolved pulp is crushed and tabled to yield a 
concentrate of Sb-Bi-Ag alloy and a tailing containing 25 to 30 per cent Cu and 1 per 
cent Sb, the latter bemg added to the copper smelter charge From the electrolj te 

» Elcctroljrtic Recovery of Antimony from Antimonial Gold Ores U, S Bur Mints Rept Intesliffo- 
tu>n 3-19J, February, IWO 

> Jlfinin; If'orW VoU 4, No 6, pp 3-9, 1942 
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containing the thioantimonate, Na 3 SbS 4 , antimony is deposited on sheet steel cathodes, 
the anodes being sheet lead. The anodes are in a compartment formed of heavj'' sail 
cloth as a diaphragm. There is no material corrosion of either electrode at operating 
current density of 20 amp. per sq. ft. Cathodes are stripped of their antimony each 
6 days. Spent electrolyte containing about 2 to 5 g. per 1, is recycled back to the 
leaching tanks after a treatment with sufficient barium sulphide to precipitate the 
sulphate ions present. The precipitated barium sulphate is reduced to sulphide for 
re-use as a precipitant. The antimony, being brittle, is easily removed from the 
cathodes. This plant, erected at a cost of about $500,000, started operations in 
March, 1940, 

Rej&ning of Antimony Metal. — Unrefined antimony usually contains sulphur, iron, 
arsenic and copper, and lead. These impurities, with the exception of lead, can be 
eliminated partly by oxidizing and slagging agents, partly by sulphurizing agents, and 
partly by chlorinating agents. Soda, potash, or antimony glass (antimony oxy- 
sulphide) removes sulphur by fusion and converts arsenic into arsenate of soda or 
potash. The conversion of copper and iron into their sulphides by sulphide of anti- 
mony can be facilitated by the addition of soda or potash, or of Glauber’s salt and 
charcoal. These sulphides form a slag with the sulphide of sodium produced from 
the reduction of the Glauber’s salt, with the soda or potash present. These sulphides 
are easily removed by antimony glass. 

The use of common salt, carnallite, or magnesium chloride to volatilize some of the 
foreign metals present as chlorides, and to slag others, may occasion great loss of metal 
due to volatilization. It is somewhat difficult to remove the lead, and when antimony 
ores are found to contain a considerable percentage of lead, as is frequently the case, 
they may with advantage be smelted with lead ores to produce hard, or antimonial, 
lead (12 to 15 per cent Sb). 

One of the most objectionable impurities found in antimony is arsenic, because 
great loss of the metal and expense are entailed when one tries to bring the arsenic 
down to the market tolerance. Obviously, the best way to obviate this difficulty is 
to free it as much as possible from the ore before it is smelted. This can be done by 
differential flotation of the arsenic mineral, as will be described later, or as suggested 
by Koster and Royer, ^ by roasting the ground ore or concentrate at 475 to SOO^C. 
with steam at atmospheric pressure, when approximately 88 per cent of the original 
arsenic will volatilize off with only a loss of about 10 to 15 per cent antimony. 

If the antimony oxide, obtained in the volatilization process, contains arsenious 
oxide, say as high as 2 to 3 per cent, the following method can be adopted for its 
partial elimination. 

1. Heat the oxide in a muffle furnace to above 200® C. whereby the AszOa is volatil- 
ized while the SbsOg may remain as Sb20s or partially change to Sb 204 . Constant 
rabbling is necessary. In an experiment by C, C. Chao in the laboratory of the 
National Bureau of Mining and Metallurgical Research, China, the arsenious oxide 
was brought down from 2.38 to 1.55 per cent at a temperature of about 300 °C. 

2. The arsenious oxide can be brought down from 2.38 to 0.54 per cent by digesting 
the antimony oxide with hot water and O.bN HCl for 4 to 5 hr. 

To reduce the amount of arsenic contained in the regulus, the following method 
can be adopted. After covering the molten metal with soda ash, air is blown into it. 
In three successive operations, occupying about 2 hr., the arsenic content can be 
brought down from 1 to 0.1 per cent. The soda ash used is about 2J^ per cent by 
weight of the bath in each operation. The soda ash in the slag produced can be 
regenerated by a simple process. 

' V» S, Bur, Mines Rept, Investigation 3491. 
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A similar method of refining antimony by blowing air through the molten metal 
has been norkcd out by G A Merson, L Krol, and 0 E Krein ^ Aocordmg to 
them, the following optimum conditions are recommended for carrying out the refining 
treatment, which reduces the arsenic content m the metal from 0 70 to 0 05 per cent 

1 Temperature — 950“C 

2 Air supply for blow mg — 500 ml per mm per kg of metal 

3 Amount of soda slag — 20 per cent, the slag is renewed once during refining 

4 Duration of refimng — 1 hr under each slag, r e , a total tune of 2 hr 

Under the above conditions a yield of 89 5 per cent refined antimony was obtamed 
Of the remaining 10 5 per cent, 8 75 per cent passed mto the slag, while 1 75 per cent 
volatilized off as SbiOj 

Another method to refine antimony containing an appreciable amount of arsenic 
13 to melt the metal, which is crushed to 10 to 15 mesh with, say, 5 per cent niter 
and about the same amount of soda ash 

Starring — It has long been the practice of the trade to judge the punty of refined 
antimony by the development of a fernhke structure, or "stars,” on the surface of 
the ingot The appearance of this structure does not actually indicate the relative 
punty of the metal, but is only the result of cooling it slowly under cover of a layer 
of a properly prepared starring mixture — couverture — a slag that has a fusion point 
lower than that of antimony, which is 630“C When the regulus contams impurities 
like sulphur, arsenic, lead, or iron, to any appreciable extent, its surface shows the 
presence of these foreign elements by specks, by a leaden appearance, or by a poorly 
defined appearance of the fernlike structure It is true, on the other hand, that 
regulus contammg impurities above what are considered to be the limits imposed 
by the market often shows stars as bright and w ell defined as those of well-refined 
regulus Since buyers demand this artificial adornment on the regulus, the starring 
operation has become a regular part of the refinmg process, adding an unnecessary 
cost of So to $30 per ton 

Different mixluTes for this couverture are shown m Table 2 by the authors, as 
used, according to local conditions, by various antimony smelters in Chma 

Another starring mixture for pure Chinese ores, patented by C h Wang m 1918 
with the object of avoiding the use of mixtures containing any antimony compound, 
utilizes iron sulphide, which is generally discarded from the precipitation process of 
antimony smelting as useless This by-product takes the place of antimony com- 
pound and 13 used with any suitable alkali compound, preferably potassium carbonate 
The proportions of the mixture are as follows iron sulphide, 9 to 14 parts, potassium 
carbonate, 8 parts 

In England the process of refining and restarrmg the star bowls, also a pot-fumace 
operation, is as follows The lumps of metal, when cold, ate lemoved from the mold 
and are thoroughly cleaned from the adhering skm of slag by chippmg with sharp 
hammers, this part of the work being sometimes done by women Unless this cleaning 
process is carefully done, it is well nigh impossible to obtain good stars on the finished 
metal The chippmgs are returned to the second smeltmg Having been cleaned, 
the star bowls are broken small The charge made is about 84 lb , together with 
enough flux to surround the ingots completely, the quantity is generally 8 lb for 
ingots of the ordmary shape The meltmg takes place in the crucibles standing close 
to the fireplaces, where the fusion is most rapid The metal is charged first and is 
closely watched, as soon as it begins to melt, the flux is added, and as soon as the 
fusion appears to be complete, the furnaceman stirs the mixture once round only, with 
an iron rod, and the charge is then poured out The flux is used over and over again, 

tJotir Applied C^em. {USSB) VoL 13 pp 323—328 1940 abstracted tn the (London) 

June 13 1041. pp ^3-506 
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being regenerated by the addition of carbonate of potash. The ingots must be com- 
pletely surrounded by the flux; there must be a thin layer of it between the mold and 
the metal, and also the whole surface of the ingot must be covered by the flux to a 
depth of 3^ in. Any traces of the flux still adhering to the ingot are removed by 
washing in warm water, with the assistance of a little sharp sand. 


Table 2. — Couvehtukb Mixtures 


Cou- 

verture 

Crude 

(high- 

grade), 

86283 

Antimonj’’ 

tetroxide 

(well- 

roasted 

crude), 

8b204 

Antimony 

trioxide, 

Sb 203 

Potash, 

K 2 CO 3 

Soda ash, 
Na2C03 

Charcoal, 

C 

Smelters 
using the 
mixtures 

I 

15 

24 


10 

1 

1.25 

Pao Tai 

II 

15 

24 


11 

3 

1.25 

Pao Tai 

III 

2.2 

13.2 


7.5 


5.7 

To-cheng 

IV 

4.5 




5 

0.5 

Loong Kee 

V 

7 




4 

0.5 

1 Tai Wo 

\l 

3-4 




2-4 

1 


Yll 

5 

30 



5-6 

1 

Pao Tai 

VIII 



85 


15 


Wah Chang 

IX 



4-5 

1-2.5 



Wah Chang 

X 



8 

1 




XI 



40 

1 

4 



XII 



mBm 


1 


Loong Kee 

XIII 

C 




1 

0.5 

Pao Tai 

XIV 

7 

14 

■i 


0.5 

0.5 

Pao Tai 


“ Pure flue dust. 


For a charge of 60 to 70 lb. of bowl metal, with 1 to 2 lb. of potash and 10 lb. of 
slag, obtained from a previous charge of French metal, the time required is ^ hr. 

Refining in Reverberatory Furnaces. — The refining operation is in most cases 
carried on in a small furnace, of reverberatory type, and proceeds about as follows: 
1200 to 1500 lb. of impure antimony is melted as one charge, to which is added 3 to 7 
per cent of soda, mixed vdth a little coke dust or fine charcoal. The slag from this 
fusion gradually becomes thicker and thicker, and after about 3 hr. is skimmed off 
through the working door. Up to this point, the iron and sulphur remain as impurities 
ui the metal. They are next removed by adding ingredients capable of forming 
antimony glass, such as oxysulphide of antimony. For each 100 lb. of antimony in 
the charge, 3 lb. of liquated sulphide of antimony and IH of antimony tetroxide 
are thrown in, and as soon as these are fused, lb. of potash is added. Care is 
taken that the bath of metal is completely covered with the fluxes. 

The metal can be ladled out, after another 15 min., being handled cautiously, in 
order to secure the starred appearance of the ingots. Three charges of about 1500 lb. 
oach can be refined in one of the small furnaces used, in 24 hr,, with a coal consumption 
of 1300 lb. 


'^‘he slag obtained in the fibnal step of the refining operation is called ''star slag'' 
And consists principally of antimony glass, carrying 20 to 60 per cent antimony. It is 
osed repeatedly for refining, until it becomes too impure for the purpose, w^hen it is 
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charged along with the ore for the first smelting The other slags obtained in the 
course of refining are also added to the ore smelting charges 

The proper procedure for charging anj of the above mixtures is as follows The 
compound, after being thoroughly mixed, is immediately charged into the reduction 
furnace as soon as the skimming is finished Tlie doors are closed, and vigorous firing 
IS maintained as soon as it is observed that the mixture is completely melted, ladlmg 
commences Each ladle dips into the molten metal and, in coming out, picks up a 
certain quantity of the molten couverture, which, when poured out together with the 
metal into a hold mold, completely covers the metal on all sides Ladlmg must be 
done rapidly for each moldful— four or five ladles to one slab of regulus accordmg to 
the size of the ladle used The thickness of the sohdified couverture vanes from 1 to 
2 mm on all sides except the top, which vanes from 6 to 7 mm The amount ot 
couverture required for each charge varies from one sixth to one-fourth the weight 
of the regulus produced It is remarkable that generally the weight of the sohdified 
couverture hammered off from the slab after coolmg is less than the original weight 
ot the mixture put m by about one-third ow mg in part to volatilization and m part to 
wall fluxing during melting The couverture can be used over agam the second or 
third tunc, sometimes with an addition of a little soda until it is so contaminated with 
ropurities that it cannot produce any good stars Then the worn-out couverture is 
mixed with the ordinary charge of trioxide or tetroxide and calculated as an equivalent 
amount of soda required for that charge In connection with this, the practice at the 
Loong Kee and the Pao Tai smelters may be mentioned The Loong Kee smelter uses, 
for every 14 tons of regulus produced 114 tons of couverture which, accordmg to 
couverture XII of Table 2, contains 1 ton of trioxide and 0 14 tons of soda The 
Pao Tai smelter uses 1 ton of couverture XIV for 14 5 tons of regulus 


Table 3 


Xame of brands 

Sb 1 

Cu ' 

Fe ! 

Pb 

1 As 1 

Sn 1 

Zn 

S 

Others 

M 0 C (Chinese) 

99 848| 

Trace 

0 009 

Trace 

0 095 

0 030 

Trace 

0 018 

Cd, trace 

llallett’s 

99 856 

0 (MG 

0 007 

0 718 

p 210 

0 012' 

0 023 

p 128 


Cookson’s j 

99 608 

0 046 

0 004 

0 102 

0 092 

Trace 

0 034 

0 0S6 

Co, Xi 0 028 

Japanese 

99 195; 

0 043 

0 007 

0 424 

0 095 

0 012; 

0 023 

0 201 


Chinese 

99 760 

0 012 

0 004 

0 029 

b 090 


b 027 0 078 

Co, Ni, trace 

I^ Lucette j 

99 35 

0 010 

0 oco 

0 130 

p 200^ 

1 


;0 200j 


TJ S "Lone Star” 1 

99 70 ; 



1 

p 050! 

(No otKer 

RlTXfflo 

impunty in 

U S "R M M ’’ 

99 30 



1 

b 10 

excess of 0 10 per cent) 

Czechoslovakia | 

99 70 

Trace 

0 no 

p 04 

p 070 

1 


0 050| 



99 70 

Trace 

0 05&I 

Trace 

p 031 



iO 119 Ni, Sn, trace 

Yugoslavia 

99 34 


0 11 

b (M ! 

b 30 



|o oso 

i 


Note anUmeny cumniaTula e ijicimuin oi tr tore gn brsnd« especially the C" 

Brand of Cookaon > which » recognuod as the world a eUndard ant raony 


A procedure, as adopted by M Brazenall' for starring the regulus produced, is as 
follows "The flux furnace was 4 X 3 ft It was heated by wood fuel, and kept at a 
low temperature It was tapped into a large pot and ladled out by smaU ladles into 
the metal ladles j ust before pounag The metal ladles w ere placed under the taphole 
of the metal furnace, one on the floor and the other on bars above it, close to the 
spout of the furnace Then the bar was drawn, allowing the metal to flow mto the 
ladles, mto which enough flux had been pouted to cover two bars The molds, 
iChm,Sng Junes 1932 
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10 X 10 X 3 in., were placed in rows adjoining each other, and a gate of iron was 
placed above them with a hole at each end reaching to the center of the molds, so 
that both molds were poured simultaneously. The fiux floating on top of the molten 
metal flowed into the mold with the metal, thus completely covering it. This is 
essential for starring the metal, as it excludes the air from it. This method of pouring 
the metal was devised by the writer Brazenall at the works of the Western Metal Co., 
Harbour City, Calif., after a great deal of experimentation, in order to avoid ladling 
from the furnace with iron ladles, as they soon wear out and burn away, the iron then 
going into the metal.’^ 

Typical analyses of refined antimony supplied by English, Chinese, American, 
French, Czechoslovakian and Yugoslav producers are shown in Table 3. 

Ore Dressing. — Beneficiation of low-grade sulphide ores of antimony by means of 
ore dressing has been tried both experimentally and in practice and has given indica- 
tion that in the futui’c it will form a beneficial adjunct to metallurgical treatment. 

It is undeniable that it is better to free the arsenic, if present in the antimony ore 
in an appreciable quantity, at the very beginning by differential flotation before 
smelting than, to resort to the laborious and expensive methods of treating the final 
metal for its elimination. 

There occur, in many parts of the world, scattered deposits of low-grade ores of 
antimony for which the building of a metallurgical plant is unwarranted. For their 
exploitation, beneficiation of the ores is highly desirable in order that the concentrates 
be profitably shipped to other centers for metallurgical treatment. Sometimes, 
associated with the antimony ores are gold and silver, which, in the same dressing 
operation, are at the same time concentrated. But the general problem of concen- 
trating low-grade oxide ores of antimony is still awaiting solution. 

A few instances of past experiments and current practices are now given, to show 
the trend of the development of the dressing of antimonial ores. 

The Flotation Plant at Djinli Kaya Mine in Turkey.^ — The flow sheet is as follows: 
From ore bin to ball mill about one of water to two of ore by weight was used. The 
mill discharge passed to the Dorr classifier, and sufficient water was added here to 
make a pulp of 2 or 3 of water to 1 of ore. The pulp passed to the larger steady head 
tank where more water was added when required to bring the dilution up to 4 of 
water to 1 of ore, and thence to the fourth cell of a 12-cell flotation machine. The 
reagents used were creosote, naphtha, cresylic acid, xanthate, cyanide, soda ash, 
lime. The use of reagents depended on the type of ore to be treated and the acidity 
or alkalinity of the water available. It was essential that the pulp be slightly alkaline. 
The ore consisted of 10 to 20 per cent Sb and 0.5 to 10 per cent pyrite in a relatively 
soft siliceous gangue. The mine water used had to be neutralized by the addition 
of soda ash or lime. 

A concentrate carrying 60 to 65 per cent Sb and tailings of 1 to 2 per cent Sb was 
aimed at. Cjmnide was used to depress the pyrite. The function of the creosote, oils 
naphtha, and cresylic acid was mainly to coat the small bubbles of the froth to which 
the shining particles of sulpliide adhered. Xanthate was most useful in cleaning 
up the tailings. Very little, if any, of this reagent was used before the pulp had 
reached the seventh or eighth cell of the machine, the froth from these cells being 
returned to the machine and refloated. The order of the feed of the reagents was as 
follows: Mixture of creosote and cresylic acid in ratio of 1: 2 at 4 lb. per ton to Xo. 4 
cell; cyanide at 0.5 lb. per ton to No. 1 cell; lime or soda at 0.6 lb. per ton to overflow 
from classifier. 

Differential Flotation Work at the Wiluna Gold Mine, Wiluna, Australia.^ — A. 
bulk concentrate containing arsenic and iron sulphide together with antimony is 

* Lawrence, ^rtntnp Met^ Soc, Bull, Vol. 7, July, 1933-Marcb, 1934. 

* Private communication. 
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floated m a ragergron machine The antinion> coijtent of the feed to this machine 
vanes from 0 2 to 2 per cent The bulk concentrate contains 4 to 20 per cent, depend- 
ing on the grade of the crude oil 

Xanthates and lead sulphate with pine oil and Cresj be acid arc the reagents useil 
in this circuit Alkalmitj Js controlled by the a<{dition of soda ash The bulk 
concentrate is then passed to a senes of cleaning maclimea where the pynte (and 
arsenopynte) is depressed by the adiiition of caustic soda and cjanide and other 
leagcnta The success of the operation depends on the accurate control of depres- 
sants m the first stage and, subsequenily, the control of depressants in the cleaning 
circuit and the points where they are introduced To produce a 60 per cert Sb 
concentrate, 6 to 10 cleaning operations arc necessary 

Differential flotation of an arscniferous-sulphide ore of antimon3 , containing gold, 
has been practiced at the Cucuma mine, Czechoslovakia * For the flotation of 1 ton 
of 6 per cent Sb ore to concentrates containing CO cent Sb, the following reagents 
were required HjSOj, 8800 g , xantol, SO g , ethyl xantogen, 115 g To separate the 
associated arsenic, the reagents required were XajS, 345 g , Na»COi, 580 g , sapjnol, 
42 g , butyl xantogen, 115 g 

The Yellow Pine Mine, Stibnite, Idaho,’ uses flotation to concentrate the gold- 
silver antimony ore Tlic heads a\ craged 1 85 per sent Sb. 84 75 in gold, and about 
K oz of silver per ton The following reagents w eri. «««! m the flotation of stibmle. 

Pounds per Ton 


Copper sulphate 1 21 

Soda ash 0 03 

Caustic soda 1 37 

Chlorine 0 82 

Cresyho acid 0 30 


Flotation resulted in a stibnite concentrate containing 0 77 oz per ton of gold, 
$10 51 in silver, and 48 60% antimonj 

Dry Concentration — It is known that wet gravity concentrations of antimoni 
ore with jigs and tables give rise to much slime loss Experiment w ith dry concentra- 
tion on dry concentrating tables, such as those manufactured bj Sutton, Steele A 
Steele, Inc , Dallas, Tex , has shown that it is possible to concentrate a sulphide ore 
of antimony containing 8 56 per cent Sb to concentrates containing 65 to 70 per cent 
Sb and middlings contammg 22 to 30 per cent Sb, which together represent 83 per cent 
recovery The antimony content of the tailings nmr,unt3 to 0 60 to 1 30 per cent Sb 
The optimum size for this particular ore was found to be ramus 28 to plus 35 mc«h 
It 13 generally felt that antimony oxide ore does not respond to flotation The 
Adelaide School of Mines, however, has recently found that it is possible to float 
cervantitc at pH 7 after sulphidizing with sodium sqjphide 

Resume of Antimony Metallurgy —The sulphide ore, stibnite, is the onlj ore of 
practical importance, the oxide ores, valentmite, scnarmontite, or cervantite, being 
of ramor significance Beneficiation of low grade o^es by grat ity concentration, air 
concentration, and flotation 13 under way or planned in *11 the produemg regiona where 
freight to distant smeltmg points must be considered or where the ore contams valu- 
able constituents other than antimony In the case of an ore containing an apprcci 
able amount of arsenopynte, it is sometimes advisable to use differential flotation to 
get nd of the arsenopynte, which would otherwise cijntammate the product resulting 
from the pyrometallurgical treatment of such ore Of the concentration methods, 
flotation appears to be by far the most satisfactory Djethod and will undoubtedly find 
a place in antimony processing 
• PHvate eomwiuue&tion. 

> D S Bw, iltnet Information Cire 7194 JaousTy 1942 
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As a rule, concentration methods for antimony minerals have in the past shown 
unsatisfactory percentages of recovery due to dust losses. The relatively high 
frangibility of antimony ores results in heavy dusting, at crushers and screens, and 
the metal content of the dust is unsually high. For example, in dust from ore carrying 
5 to 6 per cent metal, the metal content collected in dustproof housings and baghouse 
has been found concentrated to 15 to 20 per cent. The amount of dust collectible 
from antimony ore properly trapped may be as high as 10 per cent of the ore treated. 
In plants now under discussion, this type of dust will be concentrated by delivering it 
to the flotation cell along with the finer ore screenings. Dustproof housings installed 
with air concentrating tables are expected^ to extend the use of dry concentration 
(air flotation) in many low-grade antimony districts. 

As to hydrometallurgical or electrolytic methods of extracting antimony, they are 
uneconomical and only under exceptionally high prices and special circumstances 
may their adoption be recommended. 

It is to be emphasized that, whatever smelting method is followed, an antimony 
plant must have a particularly good flue and condensing system. We know that with 
ordinary settling devices, such as flues with reduction or expansion of cross sections, 
Freudenberg plates or Roesing wires, only dusts larger than 10 microns (10™^ cm.) 
can be deposited; hence antimony fumes, whose particles range from 0.3 to 1.0 micron, 
and settle very slowly even in still air, cannot be effectively deposited. The usual 
cyclone dust catcher acts very ineffectively with antimony fumes; even the best 
cyclone, the so-called multiclone, ^ cannot settle particles smaller than 5 microns. 
Filtration of antimony fumes by means of bag filters, woolen or cotton, has been more 
or less adopted in many antimony works. 

The Cottrell process of electrical precipitation has been adopted in a few antimony 
^Yo^ks and has proved its worth as a secondary cleaner for the oxide fumes. 

The scrubbing or washing of antimony fumes, involving, as it does, the intimate 
mingling of the fumes by means of sprays or jets of water, is not thoroughly effective 
in precipitating the oxide. However, the Peabody process,® as recently developed 
in England, is a distinct improvement on the old-time scrubber and is a device that 
may be applicable to the condensation of antimony fumes. 

For different grades of ore, the following methods are generally adopted: 

1. For sulphide ore containing about 20 per cent Sb, the volatilization method. 

2. For sulphide ore containing about 35 per cent Sb, the blast-furnace method. 

3. For sulphide ore containing about 50 per cent Sb, the liquation method and the 
English precipitation method. 

4. For oxide ore containing about 30 per cent Sb, the blast-furnace method. 

5. For oxide ore containing about 50 per cent Sb, the direct reduction method. 

6. For mixture of sulphide and oxide ore, the blast-furnace method. 

It is to be noted that dead roasting of sulphide ore to the stable tetroxidc, as a 
process for the treatment of rich ore, has become obsolete. 

Production Economics. — The average yearly world production of antimony, 
including crude and oxide in Sb content, during the period from 1908 to 1938 was 
nbout 27,700 metric tons (China 62 per cent, Mexico and Bolivia, each about 11 per 
cent, totaling about 84 per cent of the world production, leaving about 16 per cent 
supplied by the United States, Algeria, France, Czechoslovakia, Italy, Yugoslavia, 
Peru and Argentina, with insignificant outputs from other countries). 


'Alien H. Smith, patent pending. 

*For an analysis of mechanical methods of dust collection see Lissman, Chem. ct Mel, Eng., October, 
1030, pp. 630-634. 

* R. R. Harmon, Removal of Suspended Matter from Industrial Gases, The Instilule of Fuel, London, 
April, 1938. 
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Increased demand, ts ar born, for strategic metals has been coincident with global 
shifting in sources of raw material In no commodity has the supply picture shifted 
more extensively than for antimony In compan*:on to the normal movement of 
65 to 70 per cen* of world supply from Chma and 30 to 35 per cent from other sources 
m the 8 years prior to the Sino-Japanese W ar, the years of 1942 and 1943 draw 
approximateb 49 per cent of world production of new metal from Mexico, 35 per cent 
from Bolivia and Peru, 14 per cent from the United States, and 2 per cent from various 
other regions This is. a forced draft on these last-named w orld areas, and it is believed 
probable that postw ar economics w ill turn the searchlight back to the preponderant 
Chmese supply Though actual Chmese export to the United Nations has dwrmdled 
to almost nothing, production in the Asiatic fields has contmued m varying degrees 
as a matter of national economy and human livelihood, and Chinese stock piles of 
antimony — ore and metal exact quantities unknown — are accumulatmg as a cushion 
for such postwar raw material exhaustion aa may develop 

Ketum of commodity normalcj , postwar, is expected to register, in the antimony 
industry (1) 25 per cent shrinkage, by and large, of current world demand, (2) inabd 
ity of Western Hemisphere areas, recently prolific, to maintain preponderance of 
supply, (3) reversion to Asiatic supplj area 

Under normal conditions the relatix ely high cost of production in the United 
States from labor and deposit angles prevents successful competition with Chinese 
metal The antimoaj -producing countries of the world may be divided into three 
groups 

1 Principal poteiitial production, m order of importance China, Mexico, Bolivia 

2 Irregular m normal times but with potential reserves available at higher price 
levels The United States, Yugoslavia, Peru, Czechoslovakia, Algeria, Italy, Australia, 
French and Spanish Morocco Canada Turkey (Asia Minor) 

3 Production small known reserves probably less important Hungary, Russia, 
Argentma, Portugal, Burma, Indo-Chma, British India, Japan, Southern Rhodesia, 
South Africa, Borneo, Greece 
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BISMUTH 

By Walter C. Smith ^ 

History. — The metal bismuth has been known since the Middle Ages. Agricola 
refers to it as a form of lead and describes a method of separation from its associated 
minerals by liquation. The impure bismuth of the early writers was often confused 
with antimony, tin, and zinc. During the eighteenth century, bismuth was identified 
as a metallic element. 

Occurrence and Properties. — Bismuth is rather widely distributed, but is not an 
abundant metal. It occurs as native metal, oxide, carbonate, sulphide, and as a 
constituent of many complex minerals. The supply of bismuth is derived from two 
principal sources: (1) bismuth ores mined and treated for their bismuth content; 
(2) ores mined and treated primarily for other metals in which bismuth is a minor 
constituent and from which it is recovered as a by-product. 

Bismuth is a coarsely crystalline brittle metal, tin white in color, but with a dis- 
tinct reddish tinge and a high luster. It has the atomic number 83 and an atomic 
weight of 209. Bismuth crystals are trigonal or rhombohedral. Bismuth crystallizes 
in a rhombohedral face-centered or deformed simple cubic lattice; the lattice constant 
a = 4.726 angstrom units. The unit rhomb contains 8 atoms. ^ 

The density of bismuth is 9.80 g. per cc. at 20°C. and 10.067 at the melting point. 
The density of molten bismuth decreases regularly as the temperature rises, from 
10.062 g. per cc. at 275®C. to 9.611 at 650°C. Expansion of the metal during solidifi- 
cation amounts to 3.32 per cent of its solid volume at the melting point. The com- 
pressibility is 2.8 X 10“®, between 100 and 500 megabars, when the compressibility 
is defined as the average fractional change of volume caused by 1 megabar pressure. 
The hardness of commercial bismuth is 7.3 on the Brinell scale, using a 6.35-mm. 
ball and a 40.3-kg. load at 20*^0., and 2-h on the Mohs scale. 

The melting point of pure bismuth is 271 °C. The mean specific heat for the metal 
up to the melting point is 0.0319 cal. per g., the latent heat of fusion is 14.1 cal. per g. 
The vapor pressure is 10'’® mm. of mercury at 540°C., 1 mm. at 840°C., and 100 mm. at 
1200®C. The boiling point at atmospheric pressure is between 1440 and 1500°C. 
The heat of vaporization is 42,700 cal. per gram molecule. The thermal conductivity 
varies from 0.018 cal./(sec.) (cc. per °C.) at 100*^0. to 0.037 at 400^^0. and higher. The 
thermal conductivity of solid bismuth is less than that of any other metallic element 
except mercury. The mean coefficient of expansion, from 0 to 100®C., is 0.00000731. 
The viscosity of bismuth is of the same order of magnitude as for cadmium, tin, and 
lead. The coefficient of viscosity at 23.7°C. is 13.71 X 10^ poises (dynes per cm. 2 ). 
The surface tension of bismuth is lower than that of tin, cadmium, lead, or antimon 3 \ 
It varies from 376 dynes per cm. at 300°C. to 343.9 dynes at 779°C. 

In the electrochemical series, bismuth lies just below hydrogen, together with 
arsenic, antimony, and copper. From this position, bismuth is positive to such metals 
lead and tin. It is less subject to oxidation than lead or tin and more resistant to 
corrosion under oxidizing conditions. The hydrogen overvoltage at a bismutli surface 
* Metallurgist, Cerro de Pasco Copper Corp., New York. 

Bur, Standards Circ, 382, April, 1930. 
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in 2iVHsSOi at 25“C is 0 388 voH, Bomenhat greater than the corresponding value 
for antimony Bismuth electrodes shon a tendency to passn ity in both alkaline and 
acid electrolj tes and the metal is amphoteric in that it dissolves electrochemieally at 
both anode and cathode 

The specific resistance ol solid bismuth la 106 5 microhm-cm at 0“C , as compared 
with 1 6^ for copper The mean temperature coefficient of resistance from 0 to 
100®C 13 0 00446 Electrical resistance of the solid metal increases with pressure 
and decreases mth tension At the meltmg point the specific resistance of solid bis- 
muth IS 267 microhm cm and of liquid bismuth, 127 Bismuth and antimony are 
the only two metals whose resistance is greater m the Bohd than in the liquid state 

Bi«muth possesses an unusual thermal e m f , about SO /t\ per ®C against silier 
Bj coupling pure bismuth with a bismuth alloy containing 5 to 6 per cent tm, an 
e m f of about 120 per “C can be obtained A Thomson effect of 676 (t\ per "C 
for an alloy of bismuth with 1 per cent tin, against copper has been observed The 
low melting point and the difficulty of preparing and mamtaming wires of suitable 
size ow mg to brittleness and lack of ductility, interfere vv ith the thcrmoeleetnc use 
for bismuth 

Bismuth is the most diamagnetic of alt metak, but the susceptibility decreases 
with rising temperature An alloj of Cu-hfn-Bi is distinctly magnetic, although all 
the components are diamagnetic 

The thermal conductivuty decreases in a magnetic field The electrical resistance 
of bismuth increases when the metal is subjected to the action of a magnetic field 

The absorptive powers of bismuth for X rays have been measured and are sunilar 
to those of lead 

Chemical Properhes — Bismuth is not affected by air at ordinary temperature, 
heated in contact with air, it becomes coated w ith a grayish-black oxide at tempera 
tures just below the melting point, at higher temperatures a yellow or green oxide 
(Bi^Oj) IS formed Bismuth burns with a bluish flame at a bright-red heat, forming 
BijOi Mater does not affect bismuth at ordinary temperatures, at white heat, 
water vapor is slowly decomposed by it 

Bismuth combines directly with chlorine, bromine, and iodine It is not attacked 
by dilute sulphuric, dilute hydrochloric, or cold concentrated sulphuric acids, hot 
concentrated hv droclilonc acid attacks bismuth slow ly It dissolv es in hot concen- 
trated sulphuric acid and is readily soluble in nitric acid or aqua regia, cither hot or 
cold Molten bismuth combines directly with sulphur to form bismuth sulphide, 
BijSi Bismuth is precipitated from solution as metal by zme, manganese, iron, 
nickel, cadmium, copper, tin and lead It is precipitated from solution as the sulphide 
by hydrogen sulphide and all the soluble sulphides Basic salts of bismuth are 
precipitated from solutions of the sulphate, nitrate, and chloride of bismuth upon 
heavy dilution with water 

Bxtraction of Bismuth — Both fire and w et methods, or a combination of both, 
are used for the extraction of bismuth from ores and metallurgical products The 
greater portion of the production is obtamed by fire methods Bismuth produced 
by either method is generally too impure for use and must be refined 

Extraction by Liquation — One of the earliest methods to be employed for the 
recovery of bismuth w as liquation This process was formerly used in Saxony The 
liquation was earned out in inclined cast iron pipes, heated with a wood or coal fire 
The ore containing metalhc bismuth was introduced into the pipes and the readily 
fusible bismuth molted and flowed out ol the lower ends of the pipes, leaving the ganguc 
of the ore as a residue in the pipes This residue still cont ained considerable bismuth, 
and was drawn from the pipes, smelted to a bismuthio speiss, and then re-treated m the 
liquation furnace One form of furnace earned 11 cast-iron pipes, each 4 ft long 
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10 to 12 in. high, and 6 to 8 in. wide; each pipe received a charge of about 33 lb. of 
ore; 15 to 20 min. were required for the liquation, and the furnace consumed approxi- 
mately 690 cu. ft. of firewood per 24 hr. 

Extraction by Fusion. — The fusion of raw or roasted bismuth ores, with carbon for 
reduction and the proper fluxes to yield a fusible slag, has superseded the liquation 
process. The fusion is carried out in either crucibles or small reverberatory furnaces. 
Metallic iron is added to the charge to decompose any bismuth sulphide in the melt. 
Lime, soda ash, salt cake, fluorspar, and feldspar are some of the fluxes used to give a 
fusible slag. The products of the fusion are metallic bismuth, matte, or speiss and 
sing. The melt is usually cast into molds and the three products separated after 
solidification. The matte or speiss retains some bismuth and is crushed, roasted, and 
resmelted. Crucibles made of fire clay and furnace hearths made of firebrick give the 
best results. The furnace hearth should be removable to permit rapid repairs. 

* Wet Extraction of Bismuth. — When bismuth is present in ores and metallurgical 
products as oxide or carbonate, hydrochloric acid is employed to dissolve the bismuth. 
Metallic bismuth and alloys are treated with nitric acid, aqua regia, or hot concen- 
trated sulphuric acid. A method employed for the extraction of bismuth is as follows: 
Finely crushed bismuth litharge, cupel bottoms, and other oxidized material contain- 
ing 5 to 20 per cent bismuth, are treated in stoneware or other suitable vessels witli 
hydrochloric acid. The proportions are 140 to 155 lb. of hydrochloric acid and 22 lb. 
of water for each 100 lb. of material treated. The mixture is heated gently and stirred 
for 5 to 6 hr. ; water is carefully added until the white bismuth oxychloride just begins 
to form; it is allowed to settle for 6 to 8 hr., and the clear solution is then siphoned into 
wooden tanks. Water is added to this solution in order to complete the precipitation 
of the bismuth oxychloride, and the mixture is allowed to settle. The clear liquor is 
siphoned off and is treated with scrap iron to precipitate any copper carried by the 
solution. The bismuth oxychloride is washed with hot water to remove as much lead 
chloride as possible, then dissolved in hydrochloric acid and reprecipitated by dilution 
with water. It is then filtered, dried, and smelted with lime and charcoal to metallic 
bismuth. The bismuth produced by this method usually contains small amounts 
of lead, silver, and other impurities. The leach residue, containing lead, silver, and 
other metals, is washed, filtered, dried, and mixed with lime or soda ash and carbon, 
reduced to metal, and reworked in the cupel furnace for the recovery of the silver 
and other values. 

Electrolytic Refining. — ^Bismuth can be refined electrolyticall 3 ^ Both the chloride 
and the fluosilicate electrolytes have been used. The more economical fire-refining 
methods have largely replaced electrolytic refining. 

Separation of Bismuth from Lead Bullion. — Substantially all the bismuth produc- 
tion of the Western Hemisphere is derived from flue dusts from copper-smelting 
operations or from lead ores. The bismuth-bearing dusts are generally treated at 
lead-smelting plants, in which case the bismuth is collected in the lead bullion. 

Bismuth can be separated from lead bullion by the following methods: 

L Electrolytic refining of the lead bullion (Betts process) 

2. Betterton-Ivroll process. 

3. Crystallization (Pattinson or Hall processes). 

L Electrolytic production of white lead (Sperr 3 ’' process). 

In the clectrolydic refining process, the lead bullion is cast as anodes and refined 
0 very pure lead cathodes and an anode residue or slime from which the bismuth is 

recovered. 


^hc slime is melted and arsenic, antimon^^ and more or less of the lead are removed 
3 selective oxidation, leaving a metal containing gold, silver, copper, bismuth, 
^ nniun, and some lead. This metal is treated bj^ further oxidation to yield dor6 
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nnJ n bu>muth-copp('r Ifnd trllurmm shg TJic slnR w ro<!uc«l Tvith carbon to a 
crude bismuth niotal If p^(^ent m excess, copper nnd tellurium ran I e conceit'd m 
a matte bj the addition of sulphur to the melt ‘'alt cake and carfxin paicna or 
pvrite arc sometimes u‘<cd in place of sulphur II the crude I i^muth contama large 
amounts of tellurium il u rcmoaetl b> soccesane treatmenta with molten caustic 
soda The crude humuth w then drosstd bj cooling nnd skimming for the further 
elimination of copper and tellurium f'lh er, gol 1 nnd residual copper and tcllunurr 
arc climinatctl b) linking nnd skimming Tlie desihcrired I lamuth is refined with 
chlorine gas IMien the lend has bien eliminated, the residual chlorine w remoaed 
from the metal aaith mr nnd the 1 lamuth la gutn seaeral treatment* with molten 
caustic soda before casting 1 he refmetj metal si oiild assaj 09 OOI per cent bwmuth 
\1I drosses nnd skims from the refining operations are re-treated for reeoaeiy of 
a aluabtc metals 

In the Ilettorton Kroll process the lead bullion is softineil and desilunrwl fi 
standard Parkes procc''* methewU The ilesiUeniwl leail » treated with nietaUvc 
calcium or calcium nnd magnesium coohal and the calcium I e-muth drovi retnined 
The residual calcium and magnesium in tl e lead are remoieil with chlorine or molten 
chlorides before casting as rcfineil lead The calcium bismuth skims arc Ireatisf 
n ilh chlorine or molten chlondes for remoa al of calcium and magnesium Tlic crude 
bismuth IS refined as outlined alma c 

C’la'Btalhxation bj the Pnttinson or IIsU pmec^s is not useil todaj, except to 
supplement the chlorine refimngof crude bismuth or in re-treatingsomeof thcproducts 
from dross and skims 

The Sperrj process for production of white lead emploj-s anodes of lead bullion 
producing an anode slime n Inch is treated for the rccoa era of siiv cr, gold, and bismuth 
as in the elcctrolvtic refining of lead 

Current Production — The current production of bismuth in the cstem Ilemi- 
sphcTc IS estimated to be between 2 500 000 nnil 3 OOO 000 lb per year The pnneipal 
producers are the Vmencan Smelting d Ilcfining Co the Cerro de Pasco Copper 
Corp , the Consolidated Mining d Smelting Co of Conada Ltd , the International 
Smilting d Refining Co the I S Smelting Refining d Mining Co The New 
\ork quotation for refined bismuth has been $1 2o per pound since October, 1939 

Xlses — The principal use of bismuth for man> jears vs as in the production of 
pharmaceutical compounds During the last ten j'ears houever, the industrial and 
engineering uses of bismuth and its Ion melting nlloj's ha\ e expanded rapid!} The 
addition of small amounts of bismuth and lead to some of the strong aluminum allov® 
13 used to render the allovs free cutting Hie addition of fractional pereentagrs of 
bismuth to the so-called stamless steeb and to the manganese Steeb improves the 
machmabilit} of these stocb 

Risrauth 13 a constituent of a number of eutectic alloj's, some of which ore 


Melting temperature 

Composition 

•'t 

•c 

Bi 

Pb 

Sn 

Cd 

Others 

116 6 

40 S 

44 70 

23 GO 

$ 30 

5 30 

In 19 10 

15S 0 


49 41 

27 07 

13 SS 

10 02 


190 7 

91 5 

51 05 

40 20 


S 15 


203 0 

95 0 

52 00 

32 00 

16 00 



216 5 

102 5 

53 90 

2a 90 


20 20 


255 7 

124 3 

5a 50 

44 50 




266 0 

130 0 

50 00 


40 00 


Zn 4 00 

2S1 S 

138 5 

57 00 





291 0 

144 0 i 

60 00 



40 00 
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The eutectic allcj’^s are not satisfactory for many applications, because of their 
very narrow freezing ranges. Many alloj^s having wide freezing ranges have been 
developed. Some of the fusible alloys expand during solidification, some shrink, while ^ 
others grow rapidly in the solid state after solidification. One alloy composed of 
])ismuth, lead, tin, and cadmium shrinks during solidification; further shrinkage 
occurs on cooling from solidification temperature to room temperature, when it 
begins to grow. The growth is very rapid for about 10 to 12 hr. Approximately 
95 per cent of the total growth occurs in the first 12 hr., and this growth almost 
exactly compensates for the shrinkages that occur during solidification and cooling 
of the alloy. The alloys that grow in the solid state are in general harder in the aged 
condition than when first cast. 

Bismuth alloys are employed in : 

Safety plugs for compressed-gas cylinders and tanks. 

Fusible elements in automatic sprinkler heads, fire-door release links, automatic 
shut-offs for electric and gas water-heater systems. 

Constant-temperature baths for autoclaves. 

Liquid seals for bright-annealing and nitriding furnaces. 

Low-melting solders. 

Forming dies in aircraft construction. 

Spotting, erection, and checking fixtures for aircraft construction. 

Bending thin-wall tubing and molding. 

Production of accurate patterns. 

Cores on which copper, iron, and other metals are electroformed. 

Anchoring dies, punches, machine parts, magnets, and ceramic parts. 

Chucks for holding irregular or delicate articles during machining operations. 

Spray coating for wood patterns, core boxes, etc. 

Models for engraving machines. 

Proof casting of forging dies, plastic molds, and other irregular cavities. 

Selenium rectifiers. 



CHAPTER VII 


. LEAD 

By R G Bo^\man‘ 

Nature and Uses — ^Lead is tho Jieavicst and softest of all the common metals 
It has a specific gravity of 10 37 to 10 65 (molten), II 35 to 11 37 (solid), jt is, in its 
pure metallic state so soft as to be readily scratched by the fingernail, ‘nhilc it easily 
marks paper with a gray streak Only the pure metal exhibits this degree of softness 
many commercial grades containing small amounts of antimon j , arsenic, copper, and 
zinc being distinctly harder The degree of hardness increases vi ith the amount of 
impurity present The metal has a dull bluish gray color, is malleable but not ductile 
Its tensile strength is low, 2600 to 3300 lb per st^ in , its clastic limit is 0 5 lb Ihe 
tensile strength is about two and one-half times the tenacity Lead is not sufficiently 
ductile to be drawn mto fine wire 

Lead melts at 327 4°C , boils at about 1525°C (afc 760 mm ), but does not readil> 
distilU If, however, a mixture of zinc and lead is subjected to distillatijon. at a high 
temperature, the zme \ apor carries o\ cr w ith it a considerable quantity of lead vapor, 
and hence the source of part of the losses in lead smelting Lead is somewhat volatile 
when heated to a cherry red with access of air 

Commcrctal Grades of Lead — The commercial grades of refined lead as estabh'^hed 
by the A S T M are shown in Table 1 

Uses of Lead — Lead is used (1) in the form of refined metal, (2) as a base for 
alloys with other metals (3) in the form of chemical compounds 

The proportion of lead consumed in various applications is shown in Table 2 

In smelting, lead is used as a collector for other metals, particularly for gold and 
silver, from which it is later separated, generally by use of zme m the Parkes process 
of desilvenzation 

Lead alloys readily with most of the nonferrous metals and forms the base for a 
large number of important industrial alloj a The principal tj^ies of lead base alloys 
are type metal, bearing or babbitt metal, shot, solders, castmg metals, leaded brasses, 
and fusible alloys used for the protection of electrical apparatus m automatic spruik 
lers, etc From 0 1 to 0 2 per cent arsenic is added to lead used m making shot to 
increase the hardness and sphericity of the product Antimony imparts the quality 
of hardness essential to some ammunition and the property of expansion on solidifica 
tion essential in type metal and castmg metals generally Bearmg metals comprise 
alloys of lead and antimony, or these together with copper, tin, and zjnc The addi 
tion of lead to brass produces an alloy that is soft and machines easily Solder is 
commonly an alloy of lead and tin, the meltmg point vanes with the proportion of 
these constituents and others, sometunes added for "special purposes Commercial 
solder ranges m composition from 3 to 60 per cent tin, the remainder being lead 
The alloy of 1 part tin and 3 parts lead melts at 452®F , tin alone melting at 442®F 
With increase of tm content to 56 per cent the fusion point is lowered to 345“F then 
rises to 352®F , with further increase to 75 per cent tin In practice, therefore, solder 
> General Bupennteisdent International Smelting & Refining Co East Chicago lod 
In the preparation of th s chapter the former chapter by Mr G C Riddell was drawn upon freely 
Figures 3 4 44-60 and 65 are from Vo1 121 Trana A I if if S by peinuasion. 
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seldom contains more than 50 per cent tin. The addition of bismuth, cadmium, or 
mercury lowers the melting point below the boiling point of water. The low-fusion- 
point alloys of this t 3 "pe have manj’’ commercial uses. 

The most extensive single application of a lead-casting alloy is in the manufacture 
of storage-battery grids which are made of an alloy of 6 per cent antimonj^ and 94 per 
cent lead. 

Type metal has a wide range of composition, e.g.j 50 to 80 per cent lead, 2 to 35 per 
cent tin, and 5 to 30 per cent antimony. Some also contain nickel, copper, and 
bismuth. 


Table 1. — Stand aed Specifications for Pig Lead^ 

Tentative specifications for pig lead published since 1919, and last revised in 
1940 b^'^ the American Society for Testing Materials (A.S.T.M. Designation B 29-40) 
cover refined lead in pig form made from ore or other material by processes of reduc- 
tion and refining, and exclude lead reclaimed by simple melting, dressing, and cast- 
ing. The requirements as to chemical composition are as follows, in percentages: 



Cor- 

roding 

Chem- 

ical 

Acid 

lead 

Copper 

lead 

Common desil- 
* verized lead 



lead 

lead 

1 A 

i 

' B 

1 

ized 

lead 

Silver, max 

0.0015 


0.002 

0.020 


* 0.002 

1 

0.002 

Silver, min 

KlHIliM' 

Copper, max 

j 0.0015 

0.080 

0.080 

0.080 

, 0.0025 

0.0025 

0.04 

Copper, min 

0.040 

0.040 

i 

0.040 

Silver and copper to- 
gether, max 

0,0025 




Arsenic, max * 

0.0015 







Antimony and tin to- 
gether, max 

0.0095 







Arsenic, antimonj’', and 
tin together, max 

0.002 

0.002 

0.015 

0.015 

0,015 

0.01.5 

Zinc, max 

0.0015 

0.001 

0.001 

0.002 

0.002 

0.002 


Iron, max 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 


Bismuth, max 

0.05 

0,005 

0.025 

0.10 

0.15 

0.25 


head (by difference), min. 

99.94 

99.90 

99.90 

99.85 

99.85 

99.73 1 

99.93 


* American Burc'^u of Metal Statistics, 1941. 

Corroding lead is a designation that has been used for many years in the trade to describe lead which 
has been refined to a high degree of purity. 

Chemical lead has been used for many years in the trade to describe the undesilverized lead produced 
from Southeastern ^lissouri ores. 

Acid lead is made by adding copper to fully refined lead. 

Copper lead is made by adding copper to fully refined lead. 

Common desilverized leads A and B are designations that are used to describe fully refined desilver- 
ized lead. 

Soft undesilverized lead is used in the trade to describe the type of lead produced from ores of the 
Joplin, Mo., district. 

One of the most valuable properties of lead is its resistance to corrosion, though 
its physical weakness is a disadvantage in many mechanical operations. The addition 
of comparatively small amounts of some other metals greatly increases its mechanical 
strength without impairing its corrosion resistance and other valuable characteristics. 










Table 2 — Use of Lead I's 'ma I 
{In tons of 2000 lb ) 
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Commercial grades of lead containing such additions are not usually classed as alloys, 
owing to the small amount of metal other than lead. 

The most important commercial grade of this type is that containing 0.04 to 
0.06 per cent copper, which is wddely used for protective sheathing on electric cables 
and for chemical-plant equipment. Other important grades are tellurium lead, con- 
taining about 0.05 per cent tellurium, and calcium lead, containing 0.02 to 0.05 per 
cent calcium. 

The addition to steel of up to 0.50 per cent lead produces an important increase in 
machinability. 

Alloys of Lead . — The compositions of some of the leading industrial alloys of lead 
are given in Table 3. 

The largest use of lead in the form of a chemical compound is in the field of pig- 
ments. The most important of these is white lead, a basic carbonate, 2 PbC 03 - 
Pb(0H)2, used alone or as a base for mixed paint. Hed lead, Pb 304 , is used as a 
rust-inhibitive priming coat for iron or steel. Lead basic sulphate, known as sub- 
limed white lead, and lead chromate are also important lead pigments. 

Litharge, PbO, is used in large amounts in the manufacture of storage batteries, 
in rubber compounding, and in the manufacture of glass and ceramic glazes. Lead 
borate is used in ceramics; lead arsenate is an insecticide; and lead acetate and other 
compounds are used in medicine. 

History . — ^Lead is one of the six so-called prehistoric metals. The oldest people of 
whom there is any record, the Egj''ptians, used lead in glazing pottery, and the 
abundance of silver among the ancients must have been derived from argentiferous 
lead ores in various places. Among the Egyptians, gold, silver, and lead came into 
use, together, in the period 7000 to 5000 b.c. One of the oldest pieces of lead in 
existence is a figure in the British Museum which antedates 3800 B . c. Lead was known 
and used by the Chinese before 3000 B.c. The Phoenicians worked the Rio Tin to 
deposit about 2000 b.c. The mines at Laurium, Greece, reopened by a French 
company in 1863, flourished in the fifth century b.c. In the third century B.c. the 
Homans operated the lead mines in Spain, the same deposits that today form one of 
the major districts of the world. 

About the period a.d. 700 to 1000, the German lead-silver mines in the vicinit 3 " 
of the Rhine and the Hartz Mountains were opened, and in a.d, 1200 those in Saxony, 
Silesia, and Bohemia. Lead mining in the United States, now the leading producing 
country of the world, dates back to the beginnning of the seventeenth centurj’^ (1621) 
when lead wms mined and smelted in Virginia. The lead ores of the United States 
came Irom the Mississippi Valley between 1700 and 1867, in which latter year the 
great mines of the West were opened. The Mississippi Valley ores are non- 
argentiferous, f.e., they do not contain enough silver to paj^ for its extraction. The 
ores of the Western states are argentiferous and in most instances are quite complex 
in composition. 

The manner in which prehistoric people extracted lead from ore is unknown, but 
It IS readib’- imagined that primitive furnaces, small pits dug in the ground or in the 
hillsides, enclosed by stones to form a small shaft, provided early equipment for the 
recover}” of lead from oxide and sulphide ores heated with charcoal. Blast, to produce 
the temperature required for forming slag, must have been applied b}” reed and bellows. 
The furnaces found in Sinai in which copper ores were smelted about 4000 b.c. had 
this form: a cavity 30 in. deep, a side wall 26 in. high, and wdth two tuj^ere openings; 
the furnaces at Laurium wore similar. At Bawd win, Burma, the remains of the 
J^ncicnt lead-silver smelting and refining furnaces show this same crude Scotch-hearth 
effect. These Burma furnaces have no iron work of any kind in or around them. 
They arc simply an excavation in the side of the hill, semicircular in horizontal cross- 
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section the radius at the top is 2 ft , tapering to about 9 m at the sump Tlie depth 
from the top edge of the furnace to the bottom of the sump la between 5 and 6 in 
Back of the cla\ linuig of the sides are three 3 in square air passages extending from 
the top edge to the level of top of sump The operation of these primitive furnaces 
was undoubtedly smulai to that followed in the modern Scotch hearth Similar 
contrnances the log furnace and the ash furnace, were used in smelting ores in the 


Table 3 — IiEad base Alloys 


Itame 

Pb 

feb 

Sn 


Type metal 





Best 

50 

25 

25 


German 

75 

23 

2 



70 

18 

10 

Ci, 2 

Common 

60 

30 

10 


French 

55 

30 

15 


I inotypc (American) 

85 

12 

3 


Bullets (shrapnel) 

94 

6 



h ngravuig plate 

Pewter 

60 

40 



Usual 

20 i 

80 



French 

Bearing metal 

18 1 

82 



Atlantic Coast Line 

85 1 

15 1 



Pennsylvanui R R 

Baltimore A Ohio R R 

87 

1 

13 

1 

1 


Thin linings 

94-90 . 

3-5 1 

05-151 


Thick linings 

8Q ' 

10-12 ' 

3-5 


Chicago A Eastern R R 

84-85 

12-14 

2 


Chesapeake A Ohio R R 

91 5 

7 

1 5 


Magnolia metal 
iSolder 

79 75 

15 

5 

Bi, 0 25 

hio 1, tinman s 

34 


60 


No 2, half and half 

50 


60 


No 3, plumbers' 

60 


34 


Cable sheathing*’ 

/9S 0 

199 2 

1 

2 0 1 
0 8 


Frarj metal (Ulco) 

WTiite metal, or antiJnction hearings 

97+ 

1 


fCal 

IBs 2 

Heavy load 

87 

7 

6 


Jacoby metal 

85 

10 

5 


Jacoby metal 

62 

10 

27 


French R U (Cie de I’Est) 

SO 

8 

12 


French RU (P-L-M RU) 

70 

10 

20 


Ship shaft bcanng 

72 

7 

21 


Shot 

' 99 5-99 8 



As, 0 2-0 5 

Tcrnc metal 

SO 2o 

1 75 

X8 


• 8p«a»Ueada uiM-d for taWe *heath ne eonUin Cu 8b or Ca in amounta lesa thanO tO p<*r wot *”** 
ar« not ordinanJy ctaaaed aa altoya. The tooat im| ortant one of these conta na B9SS per *ent IIi 
and 0 OC per eent Cu 
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Mississippi Valley about 1720. In 1836 tlie first Scotch hearth 'was erected in this 
country. This ftirnace had been in operation in England since 1730. 

Chemical Properties. — ^Lead is tetravelent; its atomic weight is 207. It tarnishes 
rapidly in moist atmosphere, although its surface undergoes no change in perfectly 
dry air, or in water that is free from air. If melted in contact with air, it oxidizes, 
with a coating of iridescent pellicles of suboxide which, at dull red heat, are converted 
into PbO. If the heating is continued at a temperature of 400 to 430°C., the PbO 
gradually changes to red oxide (PbaO^), which dissociates into 3PbO and O at 550®C. 
The other oxides that lead forms are the sesquioxide, Pb 203 , and the peroxide, Pb02. 
All oxides with more O than PbO are decomposed into PbO and O at 630°C. 

The best solvent of lead is nitric acid, the ver}^ dilute acid acting more rapidly 
than the strong. Dilute hydrochloric and sulphuric acid have little effect on lead, 
these acids forming coatings of PbCh and PbS 04 which protect it further from action. 
Up to 200°C. — ^the highest temperature employed under normal conditions in acid 
concentrating practice — ^pure lead is but little attacked by strong HCl or by the pure 
or nitrous sulphuric acid, but above 200^^ the action becomes stronger, and at 260°C. 
lead is completely dissolved. Boiling concentrated HCl and H 2 SO 4 attack the metal 
slowly, even in large masses, and dissolve it with fair rapidity if it is in a finely divided 
condition. Nitrous sulphuric acid acts upon lead at all temperatures more readily 
than does the pure acid. Acetic, citric, tartaric, and other organic acids act Upon it 
slowly in contact with moist air. It is attacked by SO 2 between 550 and 850°C., and 
is also acted upon hy HF, but the dissolution in hydrofluoric acid is quickly checked 
by the formation of PbFs; hence the acid can be stored in lead vessels. 

The compounds of lead are poisonous practically in proportion to their solubility; 
the metal itself and its sulphide, being incapable of absorption as such into the S 3 ''stem, 
are almost innocuous, while the soluble salts, chloride, nitrate, acetate, etc., are active 
irritant poisons. The oxide, sulphate, and carbonate are less active, but continued 
exposure to lead fume, or to any atmosphere in which these substances are present in 
the form of dust, is dangerous and will result in lead absorption or **plumbism." 
This condition is entirely curable and can be entirely prevented by adequate ventila- 
tion of working places, the use of respirators, protective clothing, and personal 
cleanliness. By reason of such measures and careful medical inspection, modern 
lead industries offer no greater hazards to the w^orker than do most other industrial 
fields. 

Lead Compounds. — The more important compounds of lead and the chemical 
reactions that are of importance in the extraction of the metal are as follows : 

Lead Oxide, PbO. — This is the oxide of greatest metallurgical importance. It 
occurs in two forms — ^massicot and litharge. Massicot is an amorphous j’^ellow 
powder produced by heating lead on flat hearths at a full red heat, continually remov- 
ing the film of suboxide, and oxidizing it to the yellow oxide at a low temperature, 
avoiding fusion. On raising the temperature to a bright red heat, this oxide melts 
and, on cooling, solidifies as crystalline litharge. Litharge is obtained on a com- 
mercial scale by cupeling refined lead and collecting the oxide as a skimming or a fume. 
The melting point of litharge is 883°C. ; it is volatile in air below 900°C. It is a good 
conductor of electricity when molten. 

Toward acid furnace materials, litharge is a strong base, quickly corroding them 
) forming lead silicates. It is an excellent flux, forming fusible compounds with 
o-^idcs that are infusible alone, such as CaO, BaO, hlgO, and AI2O3. These bases 
0 not alw’ays enter into chemical combinations with PbO, but are simply held in 
Jused solutions by an excess of litharge. In the case of the metallic oxide CuO, 1 part 
of CiiO forms a fusible mixture with 1 .8 part of PbO. No chemical compound occurs, 
but there is a eutectic with 32 per cent CuO freezing at 689°C. This explains the 
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product is independent of the purity of the anode lead, since onl}" the lead dissolves. 
The process affords an opportunity for complete control of the composition and 
physical characteristics of the product at all times and produces an extremely pure 
and brilliantly white pigment. 

Suhliined Whitehead {Basic Lead Sidyliate). — This is a white pigment, ranging in 
composition from pure 2PbS04.Pb0 to 75 per cent PbS04, 20 per cent PbO, and 5 per 
cent ZnO and is largely produced directly from lead ore, whereas the basic carbonate 
(white lead) is made almost exclusively from metal, Basic lead sulphate is used 
extensively in paint and in the manufacture of oilcloth, paper, and rubber goods. 
The raw material used in its manufacture is silver-free galena from the Missouri field. 
This is ground fine, mixed with carbon (and gra}’’ slag from the ore hearth), and 
smelted in an oxidizing atmosphere. The pigment is collected in baghouses. Blue 
fume, or ''sublimed blue lead,” is a by-product of the process and is used in the same 
industries as is the major product. Sublimed blue lead consists of 50 to 53 per cent 
PbS04, 41 to 38 per cent PbO, with small proportions of FbS, PbS04, ZnO, and carbon. 

Lead Silicates. — Lead silicates are much used for glazing tile, pottery, etc. Lead 
oxide and silica begin to combine at the softening temperature of the oxide, ix., 
below SDO'^C. The silicates do not give up then* lead readily, the ordinary reducing 
agents sulphur and carbon decomposing them with difficulty. Iron in excess effects 
the decomposition of lead silicates at bright-red heat, forming monosilicates (2FeO.- 
SiOj). PeS throws down some Pb, a double silicate of lead and iron being the result. 

Lead SuIphidCj FhS. — ^This occurs in nature, as galena, and can be artificially 
prepared by melting sulphur and lead, or by adding hydrogen sulphide to a solution 
of a lead salt. It is produced in smelting lead ores as a sublimate on the cooler part 
of the furnace walls. PbS melts at about 1120°C. to a thin fluid which penetrates 
the firebrick of tlie furnace; furnace linings usually contain a network of crystalline 
galena. It volatilizes at temperatures below its melting point. Sublimed galena 
constitutes a large portion of the accretions on the shaft walls of lead blast furnaces. 

Being isomorphous with AgsS, CusS, ZnS, FeS, etc., lead sulphide readily mixes 
Avith these sulphides in all proportions, forming the mattes obtained in smelting 
complex sulphide ores. Galena is decomposed by fusion with iron, the reaction form- 
ing the basis of Avhat is known as the "precipitation” process of lead smelting. 

PbS + Fe = Pb + FeS, or 4PbS + 4Fe = 3Pb + PbS + 3FeS + Fe 

Lead sulphide is decomposed by those metallic elements which have a stronger 
nflinity for sulphur than lead, in the following order: 

Mn— Cu— Ni— Fe— Sn— Zn 


nianganese forming the strongest and lead the weakest sulphide. In the smelting of 
lead ores, manganese does not have to be considered in this connection, as it is usually 
present as MnOs, which enters the slag and hence is found only in small amount in 
Ibc matte. 


In smelting practice, the decomposition of PbS is never complete. It is customary 
lo calculate the iron necessarj^ for the decomposition of PbS in accordance with the 
formula Fe + PbS = Pb -f FeS; if less iron is added, the resulting matte remains 
loo rich in lead, while if an excess is supplied it simply goes into solution in the PbS- 
PoS matte. An excess of iron in the charge, while often advantageous in cutting out 
^r^cible crusts, may bo disadvantageous in decomposing argentiferous galena, since, 
to the affinity of Ag.S and FeS, more silver will be drawn into the matte than 
be accounted for by the amount of lead present. In addition to having the correct 
l^iaount of iron present to decompose PbS, it is important to have the temperature as 
^*gh as possible, within reasonable limits. 
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A basic ferrous silicate 4FcO SiOj « ill decompo«c PbS rctdilj , the sinRle silicate, 
2FeO SiOi has little effect CaO anti PaO have, in tlie presence of carbon, j^decom 
posing action on PbS • 

2PbS +• CaO + 0 = Pb + (PbS CaS) + CO 

Lead Sulphate, PhSOi — ^This occurs in nature as anglesite and is formed in roasting 
PbS and in precipitating lead salts n itli II^SO ^ It is the most stable of all sulphatea 
of the heavj metals, remaining unaltered at a bright red heat At SOO to lOOO’C it 
dissociates, fusion also occurring between OoO and lOOO^C 

Silica decomposes PbSO» at 1030®C m accordance n ith the equation 

2PbS04 + SiO, = 2PbO SiOj + 2 SO 2 + 0, 

this reaction being the basis of 'slag roasting ” This decomposition b> silica is 
governed by the viscositj of the lead silicates formed, the viscous slag en\ eloping 
PbSOi and blockmg the action According to Moston itsch, the most rapid decom- 
position and the lowest loss of lead by volatilization lies between the Bingulo- and 
bisilicate contammg 10 to 15 per cent SiOi 

FcjOj also has a decomposing effect on PbSO^ though in less degree than SiOj 
FeO, above gOO'^C , is oxidized by some of the O from PbS 04 Iron at high tempera- 
ture IS both oxidized and sulphurized 4Fe + PhSO* = Fe »04 FeS + Pb, calcium 
IS sulphatized CaO + PbSOi = CaS04 -f- PbO, and metaihe lead is oxidized 
Pb + FbSO, = 2PbO + SO 2 

Carbon and carbon monoxide reduce lead sulphate to PbS, with the formation 
also, of Pb and SO* This double reaction explains the disappearance of S as SOi 
in the reducing fusion of a lead blast furnace In smelting the gray slag from the ore 
hearth as much as 50 per cent of the sulphur is usually expelled 

Reactions between Lead Oxide, Sulphide and Sulphate — Intimate mixtures of 
PbS and PbO and of PbS and PbSOi, such as exist in the roasting and smeUing of 
lead ores, react in accordance with the following equations to form metallic lead and 
SO 2 

PbS + 2PbO =. 3Pb + SOi - 52,540 cal 
PbS + PbSO» - 2Pb + 2 SO 2 - 97,380 cal 
These two equations form the basis of the roasting and jeaetiou or air-reduction 
process Except for the fact that the gaseous product SO 2 is withdrawn from the 
furnace as fast as formed, both these reactions would reverse and equilibrium result 
If there is an excess of PbS or PhO over that called for by the equation, the excess 
remains unaltered If there is an excess of PbS04, part or all of the lead is obtained 
aaPbO 

PbS -h 3PhO = aPh -If PhO -V SO^ 

2PbS + 2PbO = 3Pb -|- PbS + SO 2 
PfaS -b 2PbS04 = Pb 2PbO -f 3SOi 
PbS -f 3PbSO(, = 4PbO + 4 SO 2 

Plumintea and Piwnhales — The oxides PbO and PbO* form plumbites and plum 
bates with alkab, alkah earths, and some metallic oxides The orthoplumbate, 
CaiPbO,, occurs in the blast roastmg of lead sulphides with lime diluents 

Lead Femle — The fact that in the crucible assaj for lead the presence of FeiOi 
acts unfavorably on the yields of lead is believed due, in part at least, to the formation 
of ferrite compounds, one of these having the formula PbO FeO 4Fe20} The meltmg 
point of PbO IS low ered 133‘’C bj the addition of 12 per cent by weight of FeiOj 
Lead Cklonde — ^Th)s istonacd by the action of chlorine upon lead and in a chlond- 
iziDg roast of lead and its compounds The volatihty 0 / PbCli is the basis of a process 
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for the extraction of lead from its ores, the chloride volatilization process, in which 
the chloride fume is precipitated by being passed through an electrostatic precipitator. 
The solubility of PbCh in saturated sodium chloride liquor is also the basis of another 
process of lead recovery, the biine-leaclung process, in which sulphide ores roasted in 
contact with sodium chloride are dissolved by strong brine solutions, out of which 
the lead is precipitated either electrolytically or on scrap and sponge iron. 

Lead Selenide and Tcllnnde {PhSe and PbTc) .—These occur as clausthalite and 
altaite and arc formed by the direct union of components. They are readily decom- 
posed by roasting. Selenidcs and tellurides are found in the anode mud formed in 
the electrolytic refining of copper and lead, this mud being the raw material for the 
production of selenium. 

Lead Boralcs , — ^Lead oxide and boric trioxide melt together in all proportions, and 
the compounds formed are more fusible than the corresponding silicates. Advantage 
is taken of this fact in lead and silver assaying by the use of borax as a flux. Lead 
borates are \ised in the preparation of ceramic glazes. 

Lead Fluosilicaiej PbSiFe . — This is formed by the action of HaSiF © on PbO when 
some SiOs is precipitated. A solution containing about 8 per cent PbSiFe and 11 per 
cent free HjSiFe is used as electrolyte in the electrolytic refining of lead.* 

Lead Ores. — Lead and zinc are commonly associated in mineral deposits, some- 
times intimately mixed, sometimes sufficiently segregated so that one metal pre- 
dominates, but seldom free entirely from the other. The geological and geographical 
distribution of the two metals is, therefore, nearly identical. 

All lead ores contain substances other than lead minerals. Some of these sub- 
stances (e.g., gold, silver, or copper) can be recovered in the smelting process and may 
add much to the value of the ore. The common impurities in lead ores are silica, 
iron, lime, barytes, zinc, antimony, and arsenic. The first three (in minor amounts) 
may be beneficial or detrimental in any given ore, depending upon whether the bulk 
of the ore supply of the smelter carries an excess of one or the other of these elements 
which, in proper proportions, are required in the smelting operation. On the other 
hand, zinc and, to a less extent, antimony are always detrimental and detract from 
the value of the ore unless separated from the lead before shipment to the smelter. 
Sulphur, a constituent element of galena, is not considered a deleterious element 
except that carbonate ores of similar grade are more valuable, since they are cheaper 
to smelt. Barji;cs and other less common constituents of lead ores, including traces 
of valuable metals (bismuth, cadmium and rare elements), are seldom present in 
quantities sufficient to affect the value of the ore to the miner. 

The more common ore minerals of lead are the following: 


Ivlin oral 

Formula 

Percentage 
of lead 

Galena i 

PbS 

86.4 

Ccrussitc 

PbCOs 

77.5 

Anglesitc, 

PbS 04 

68.3 

Pvroniorphitc 

3PbiPiOs.PbCl2 

PbIvIo04 

76.3 

AVulfcnite 

56.3 

Jamesonite. 

PbSb-Ss 

34.1 



Galena is the most common ana imporiant or these minerals. The next three 
minerals in the list usually result from the surficial oxidation of galena, the sulphate 
being usually an intermediate stage in the oxidation to the carbonate. Pyromorphite 
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and -auKcnite arc of mmos importance Jamosonitc w conauU red more an ore of 
antunonj than of lend 

Sphalerite weathers more renclilj than Ritcna and zinc, therefore it ta often earned 
helow water level more rapidly and completely than leml Tina fact acconnta for 
some mines ehanging from predominantl) lead mines to zinc mines with greater 
depth Apart from the cOett of such secondary enrichment, this change w often 
encountered in primary ores ii itli inercase m depth 

Important t\p< a of lead deposits are as follows 

1 Deposits formed at shallow depth in srdimentnrj rocks without apparent 
connection with igneous rocks Tliesc hase eiidently formed under conditions of 
tempPTfltuTe and pressure aj proximatmg those of the present surface flies oecur 
as tabular nplae* nients of reteptive strata usually in limi^stones anil dolomites but 
sometimes in qiiurtrites or eherts and conformable with the enclosing strata also ns 
irregular masses along faults in zones of brereialion in fissures joints, crevices, and 
cavities erraticslli distributid in the Kimc roeks 

In regions of sliglitl^ disturbed strata the ore shoots tend to follow pitching troughs 
Tlic ores of this type usually contain kad (galena) zinc (sphalerite), and iron (pjrile) 
minerals often manganese and cadmium somctimos cobalt and nickel, hut seldom 
gold, sil\ cr copper or antimon> 

The deposits of this tjpe are of worldwide distribution and are often cztrn<i>e 
and commercially impioitant Thtir greater piiritj and simplicitj of treatment, 
particularly of the ores m thcif oxidized zone®, caused them to be exploited first and 
most extensively and to be the dominant factor in the world production of lead at one 
tune To this type belong, besides many otbers, the deposits of the Mississippi 
Valley and Silesia, between them producing 12 per cent of the worlds production 
in IJMO 

2 Deposits formed at shallow or intermediate depths genetically associated with 
Igneous rocks characterized by complex ores and comprising (a) \ ein deposits appar 
ently formed near the surface, (6) veins filled under conditions of intermediate tem- 
perature and pressure (c) disseminated pyTitic replacements of igneous rocks, (d) 
silver lead replacements in limestone 

Gradations between all these ty pes arc found, and many districts ha\e related ore 
bodies of more than one of these tyqirs, sometimes examples of all of them 

W ith subtype 2a are classed ccrtaui deposits apparently formed near the surface 
in genetic connection with igneous rocks and usually occurring as v eins, but sometimes 
as stock works and pipes in v olcanic rocks and adjacent sedimcntancs, also as replace- 
ments m sedimentaries with associated small contact metamorphic masses near 
Igneous contacts Ihe deposits are usually worked primarily for gold and silver, 
but small percentages of galena tetrahednte, and sphalerite arc usually present 
The gangue is largely quartz, but adulana calcitc^ rhodochmsitn,, cbndonite bante 
fluorite, and pyritc are often present and the presence of inineTals containing arsenic 
antimony, bismuth, tellurium, selenium, and rarely tungsten and molybdenum is 
characteristic Successn e stages of mineralization are often evident, and secondary 
enrichment and alteration by descending waters hav e disguised some deposits 

The ores of the types 2b and e are usually complex, comprising much of the same 
minerals of zinc, lead, copper, iron, gold, and silver, and often arsenic, antimony, 
bismuth, and other metals la subtype 2d, the silver lead deposits m limestone, zme 
is apparently a minor factor, but often when followed to depth, zinc replaces lead as 
the predominant metal Many zinc mmes are exhausted silver lead mines 

To subtype 2a belong the deposits of the San duan region and Lake City m Colo- 
rado, the Schemnitz deposits in Hungary, the Mapimi and Santa Lulalia deposits m 
Mexico, and the deposits of Insbach and Freiberg in Germany , to subtype 26 belong the 



LEAD 


155 


deposits of Coeiir Alone, Idaho; and to subtype 2c belong those of Bawd\vin, Burma, 
and Bidder, Siberia. Subtype 2d comprises the deposits of Leadville, Colo., Park 
City, Utah, and Sierra IMojada, Mexico. The importance of the ores derived from 
the deposits of the first three subtypes is due largely to smelting practice based on the 
use of lead as a collector of the precious metals. 

3. Deposits in veins originating at high temperature and pressure, in, or associated 
genetically with, igneous rocks. The ore minerals are blende, galena, pyrite, or 
pyrrhotite, quartz, calcite, garnet, rhodonite, etc. To this tjqje belong the important 
deposits at Broken Hill, New South Wales, Australia. 

4. Igneous mctamorphic deposits containing minerals characteristic of contact 
metamorphism. The ore minerals are galena and its oxidation products (cerussite 
and anglesite), blende, smithsonite, calamine, and a gangue of calcite, rhodonite, 
garnet, p^'' oxene, hornblende, magnetite, and tremolite. Among the deposits of this 
type are those of Magdalena, N. M., and the Horn Silver mine, Utah, occurring on or 
near contacts of limestone with igneous rocks. 

Recovery of Lead from Ores. — Metallic lead has been recovered commercially 
from its ores almost exclusively by smelting in carbon-heated furnaces — either blast 
or ore hearth. Electric furnaces have been used for complex-ore reduction, but have 
not become of practical utility, and it would seem that no great promise of develop- 
ment exists in this direction as far as lead is concerned, owing to the high volatility cf 
lead compounds at the operating temperatures obtained in electric-furnace work. 

Various processes intended to make available ores of low grade, or complex ores 
of lead and zinc, have received considerable experimental attention, and a number of 
commercial plants have gone into operation in the past using hydrometallurgical 
processes. Among these, the brine-leaching method and the chloride volatilization 
processes are by far the most important, the former in the field of zinc-lead sulphide 
and oxide ore, and the latter more particularly in the field of oxidized and semi- 
oxidized and sulphide ores of copper, lead, zinc, and silver. 

The hydrometallurgical treatment of lead ore has been developed to the point 
where it can compete economically with concentration and blast-furnace smelting on 
some sulphide ores. The net recovery with concentration and smelting is approxi- 
mately 85 to 90 per cent; leaching, with or without roasting, will sometimes recover 
95 per cent. The mills and smelters already in existence will doubtless continue to 
operate, but tlie economic warrant for the erection of smelters may need to be more 
carefully considered in the future. In general, lead can be produced, at the present 
time, more cheaplj^ by smelting than by leaching, if the material to be treated contains 
over 12 per cent of lead. Improvements in concentration have removed some of the 
former advantages offered by leaching processes, and at the present time their field 
of application appears to be limited to those low-grade ores which arc not amenable 
to concentration to a point that will make smelting profitable. 

Brine-Leaching Methods. — ^These involve the roasting (sulphattng or chloridizing) 
of the sulpliide, solution of the stable lead-silver compounds in acid brines, and the 
final recovery of the lead by elcctrolj^sis or, less frequently, by precipitation on scrap 
and sponge irons. The free sulphuric acid in the leaching solution limits the solution 
of the lead; when an average of 8 lb. of metallic lead per ton of mill solution has been 
precipitated, the same weakened solution can be returned and will dissolve more lead. 

An interesting plant, using the Tainton process of brine leaching, went into 
operation in 1923 in Idaho, the result of extensive experimenting for several years 
by the Bvinkcr Hill and Sullivan Co. While this plant is not now c^erating, it is 
described as an interesting and typical example of lead h 3 ^drometallurg 3 " which may 
find some application in the future. In general, the Tainton process involves the 
roasting of galena to sulphate in au electricallj" heated rotary' cylinder, at o00®C,; 
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is thrown off the cathode by centrifugal force and floats out of the cell with the 
brine, or settles at the bottom of the cell, and is pressed into cakes for melting. A 
95 per cent extraction of the silver and a 95 to 98 per cent extraction of the lead is 
possible. The process was developed for application to tailing from lead concentra- 
tion and from electrolytic zinc production. 

The preliminary roasting of the galena is a simple low-temperature sulphating 
roast (400 to 500''C.), without chloridizing, and the solution oi the lead is made pos- 
sible by the presence of dissolved chlorine in the brine. Ordinarily, and in the major- 
ity of other brine-leaching plants, a chloridizing roast is utilized to convert the lead 
sulphide into soluble chloride form. 

Electrolytic-zinc plant tailings, lead sulphate flue dust, lead sulphate sludges 
from sulphuric acid chambers, oxidized ores of lead containing carbonate or sulphate, 
concentrating-raill tailing containing lead and silver sulphides, and complex zinc- 
lead-iron-sulphide ores comprise the products to which brine leaching is adapted. 

In similar processes brines, containing dilute hydrochloric acid and also sulphuric 
acid, are applied in some cases directly to the raw sulphide ores, attacking the galena 
and leaving the zinc sulphide largely untouched. 

The features of the treatment of an ore by such a process are the leaching by agita- 
tion of the unroasted ore in a hot brine solution containing a small quantity of hydro- 
chloric acid; filtration and washing with hot weak solution and water; precipitation 
of the silver by means of lead in some form ; precipitation of the lead by cooling the 
pregnant solution ; and reduction of the lead by melting with a mixture of lime and 
coal dust. The solutions are circulated through spray heaters for re-use. The lead 
precipitation is based on the fact that a hot liquor at 90°C. will hold 8 to 10 per cent 
lead, whereas when cooled to 30® C., only 1 per cent will remain in solution. 

In another similar process the chloridizing roast is eliminated. When ground very 
fine, galena will dissolve in a hot saturated and acidulated brine. 

Brines carrying ferric chloride are adapted to removing silver, copper, and lead 
from complex sulphide ores, and have been used in many processes. Ferric brines 
are more widely used for leaching prepared ore than for attacking raw ores. Chlori- 
dized lead can be dissolved in a neutral brine; the silver is so easily precipitated from 
the solution on such substances as zinc sulphide that almost invariably the brine 
must also contain small amounts of acid or of ferric chloride or cupric chloride, all of 
which tend to redissolve any precipitated silver sulphide. A practical method for 
removing lead and silver from zinc sulphide, developed in Australia, consists of mixing 
the ore with sufficient zinc chloride to supply 33 per cent excess chlorine over that 
necessary’- for combining with the lead, silver, arsenic, antimonj”, and tin in the ore, 
and heating to 400 to 500°, out of contact with air. Chlorides of antimony, arsenic, 
and tin arc volatilized, and chlorides of silver and lead remain in the anhydrous mass. 
These are leached in brine containing hydrochloric acid and ferric chloride. 

Chloride Volatilization Processes. — These processes involve the chloridizing roast 
of the ore and the precipitation of the fume so produced by electrostatic precipitators. 
Except for the limitation of fume recovery to electrical apparatus, chloride-volatilizing 
methods arc, in general, adapted to a wider range of ore and are less sensitive to 
trouble than the brine-leaching processes, hletallic-chloridc vapors condense as 
colloidal particles of fume, each surrounded by an adsorbed film of air or gas, which 
prevents collection by any means other than electrical precipitation. Such particles 
pass untouched through water and most scrubbing devices, but are efficiently col- 
lected in the electrostatic precipitator. Baghouses will make a high recovery, but 
the corrosive action of the fume rapidly destroys the filtering fabric, and the fact 
that most such chloride mixtures arc hygroscopic causes the precipitated fume to 
blind tlie fabric and render the baghouse ineffective. 
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NONPERROUS METALLURGY 


The application of chlonne m lead metallurgy is important and is discussed else- 
where m the present volume 

Smelting Processes — ^The smelting of lead ores is based on three principles (1) 
the reduction of lead ovide by carbon or carbon monoxide, (2) the reaction between 
lead sulphide and lead sulphate or oxide, resulting m a double decomposition u ilh the 
formation of lead and sulphur dioxide, and (3) the decomposition of lead sulphide bi 
metallic iron All these three reactions are endothermic, t e , they requue heat 
supplied cxtraneously 

1 The first principle is the basis of what is known as the roast-reduction (or 
blast-furnace) method of smelting, in which lead oxide, lead silicate, or other oxidized 
compounds must first be prepared from sulphide ore by a roastmg operation 

2 The second is what is known as the roast-ieaction. or air-reduction method — 
the basis of reverberatory and ore-hearth smelting 

3 The third is the basis of the precipitation method 

All these methods are employed commercially in the United States at the present 
time, either alone or in combmation, the latter bemg more commonly the case In 
practice, the principles are not so distinct as theoretically stated, the reactions funda- 
mental to one process mvariably play a certam part in the other processes 

If a lead ore were absolutely pure, there would be no other consideration in the 
smelting processes than those reactions which relate to lead and its chemical com- 
binations Practically, lead ores are never pure, the valuable minerals being mixed 
with a certain proportion of foreign matter, which must be separated by the formation 
of a slag In the roast-reaction method of smelting, no slag, properly speaking, need 
be made, the molten reduced lead bemg liquated out from the impurities However, 
the latter will still retain a high percentage of lead, and in order to effect a high degree 
of extraction from the ores, they must be subjected to a further smelting process m 
which a true slag is made In making a slag, the object is to combine the impunlies 
into a fusible silicate, which, when molten will be of comparatively low specific 
gravitj , in order that the heavier lead wiU settle to the bottom of the crucible of the 
furnace where it may be drawn off separatelj while the lighter slag will float on top 
In addition to the slag and metal, there is formed, usually, a third substance, matte, 
which IS lighter than the metal but heavier than the slag Under certam circum- 
stances, a fourth substance is formed which is called speiss, this is lighter than the 
metal but heaner than the matte and, therefore, forms a molten layer between the 
two Matte » an artificial sulphide, conslstmg m lead smelting of the sulphides of 
iron, lead, and copper It owes its origin to the incomplete elimination of sulphur 
from the ore, but is formed intentionally m lead smelting as a means of removing the 
copper na a separate product Speiss is formed as the result of the presence of arsenic 
or antimonj ui the furnace charge It usuallj approaches iron arsenide or antimonidc 
m composition and acts as a collector for other metals such as mckel and cobalt 

nie difference betw cen lead smeltmg in principle and m practice is chiefly due to 
the incompleteness w ith w luch the basic reactions are earned out and the qualifyiiig 
effect of the unpiirities that arc commonly met with m ores Thus certain metallic 
impurities are rcduccil with the lead, contaminating it and necessitating a subsequent 
replug process Other impurities affect the composUion of desirable slags Other* 
affect the running of the furnace in various wajs 

If the ores are free from sili er, the lead resulting from the smeltmg process is 
usually market grade after it has undergone a slight purification by liquating and 
cooling To a limited extent the so-called sili cr-free (Mississippi Vnllej ) lead under- 
goes treatment l»y the Parkes desilverizing process, as the amount of total inipuntica 
present » considerably rcducetl, and the price received as a piemium for the better 
grade of lead and the small amount of sili er rccov eted makes the operation profitable 
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If the ore is argentiferous, as is the case with practicallj'' all districts outside the 
Mississippi Valley, the silver passes, for the most part, into the lead bullion, and the 
latter is then desilverized by either the Parkes or the electrolytic process. 

The smelting of lead ores is carried on in three types of furnaces: the reverberatory, 
the ore hearth, and the blast furnace. Of these, the first has become almost obsolete; 
the ore hearth in recent years has become of considerable importance with a limited 
class of ores; the blast furnace remains the leading method, since it can treat eco- 
nomically all kinds of ores. 

Development of Smelting Processes. — The most primitive form of lead smelting 
in the United States was practiced with the log and ash furnaces in jMissouri prior to 
1850. They employed the roast-reaction system of smelting and were applicable 
only to nonargentiferous galenas of Yory high grade in lead. The}'’ were for the most 
part displaced about 1840 by the Scotch-hearth furnace. Later, reverberatory fur- 
naces of the Flintshire type went into use, but never extensively nor with such success 
as to develop a permanent metallurgical practice. The Scotch hearth, however, has 
sur\dved, and in its modern development is the basis of a highly efficient process in the 
treatment of certain classes of ore, especially high-grade nonargentiferous galenas. 

Neither the Scotch-hearth nor the reverberatory furnace is well adapted to the 
treatment of argentiferous ore, or to the treatment of ore containing less than 60 per 
cent lead, while the smelting of carbonate oresulone by either method is not feasible. 
Neither gives a finished slag or waste product at one operation that can be discarded, 
and final treatment of their product is usually completed in the blast furnace. For 
these reasons, by far the major part of the world lead is produced by smelting in 
the blast furnace. 

In smelting any type of lead ore by an}^ method, the sulphur must be largel}’’ 
removed and the impurities must be combined in a slag, fusible at approximately 
1100 to 1200®C., and of specific gravity not to exceed 3.6. In blast-furnace smelting, 
the slag must be of a composition that will form at the right point in the smelting 
process, will be thoroughly liquid, in order to ensure a satisfactory separation from 
the matte, and will require the minimum consumption of fuel, the chief part of 
which in blast-furnace smelting is always consumed in effecting the formation of 
the slag. 

The sulphur is eliminated in various ways, which may be enumerated as follows: 

1. Roasting , — Lead ores are usually low in sulphur and therefore are not self- 
burning in the ordinary roasting furnace. As the decomposition of lead sulphate is 
effected only by reaction ’with silica, forming lead silicates, the necessary temperature 
must be supplied chiefly by the combustion of carbonaceous fuel. The roasting of 
lead ore may be done in three ways. 

a. Ordinary roasting in which the ore is simply desulphurized, at the same time 
being more or less sintered. Often the ore is partially fused, so that upon withdrawing 
from the furnace it crusts or may be pounded into cakes. 

b. Slag roasting, in which the ore is completely fused. 

c. Sintering, in which the sulphides arc self-burned and sintered under air blast, 
either pressure or suction. 

The object of roasting is to reduce the sulphur to as low a point as possible, without 
entailing undue losses in other directions. The sulphur is more completely eliminated 
by smtering than by ordinary roasting, and more completely by slag roasting than by 
sintering. At the same time, the loss of lead by volatilization is heavily increased, 
and in slag roasting it is so high that the process has been abandoned in the United 
States, save in one or two instances. Ordinary roasting, by which the sulphur is 
reduced to about 4 per cent, is supplemented by sintering to reduce the sulphur still 
further and to produce a blast-furnace material of desirable character. 
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IFig 2 — BMTvkcT Stri^VUTiS 









Fig. 3. — Lead blast furnace used at Midvale after 1919, 
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The practice of thi^metallurgy of lead has resohed itself at the present tune into 
smelting in the blast mnace for adver-b earing ores and smelting m the Scotch hearth 
for siher free ores In both kinds of smelting the smoke and fume are filtered in 
baghouses usmg w oolm or asbestos bags Electrostatic precipitation is w ell adapted 
for the collection of /ume from all lead-smelting operations and is cheaper in first 
cost than large bagiousc installations It has been universally adopted for lead- 
roaster and sinter piint fume collection, since these gases usually carry elemental 
sulphur which frequtntlj causes drsastrous fires and e-cplosions m baghouses 

With proper fune collection, smelting in the blast furnace jnelds an overall 
recover} in bullion (jf 95 to 98 per cent of the lead charged Recoveries of 98 per cent 
lead arc obtained ij smelting high grade galena ores in the Scotch hearth The two 
methods of smelting are applied under radically different conditions In silver-lead 
smcUing in the blait furnace, the prime function of the lead is to act as a collector for 
the precious metah The percentage of lead m the blast furnace charge m different 
BmeUenes ranges from 10 per cent in blast-smeltmg crude ores to as high as 50 per cent 
where the charge is practicallj all sinter produced from high-grade concentrate 
In any case the eroporticui of slag to ore that la made is much higher than in the 
treatment of higS grade galena ore m the Scotch hearth, and consequentlj loss of 
metal m the slag Is higher in the blast furnace The Scotch hearth method of smelting 
has been confineil to the treatment of non argentiferous galena containing 60 per cent 
of load or upwatd This method of smelting has been improved by the introduction 
of the Newnam mechanical rabbler, which has reduced labor and improved working 
conditions, an important item m view of the sevcrit) of the latter, especially in hot 
w eather 

The Blast Fbniace — The lead blast furnace has become in recent jears practically 
stamlardired at modern plants Materials going into and products coming out of 
the furnace an handled in almost as inanj different wa>s as there are plants in the 
indiislrj, but )n this resppct also there is a tendency toward standardization, as hand 
labor becomet gradually replaced by meclianical equipment Lead blast furnaces 
haae certain common features m general the following rectangular-horizontal 
section, tapcfing sidca with boshes, straight end, a w atcr-jacketed smelting zona, 
internal cruc^ile, and the Aienta siphon lap for bullion The circular w atcr-jaclcetcd 
furnace is mrd only to smelt at inteiaals small quantities of intcrmcdiarj products 
of a refineryj or for ore smelting m remote localities The bnck shaft common, with 
most ore furnaces has in some plants been replaced m its lower portion bj steel water 
jackets Furnaces having an entire shaft made up of water jackets are successful, 
but there is some question of the necessity of the top tier of jackets, and the fuel 
consumptioft is said to he higher on such furnaces 

With the increase in size of furnaces and of smelting plants, the transportation 
of, airt *htfx Vt/h'rc/dik/j ‘aafnn.afifhaAna'fmiiTm'Uni'L’m; uirfiy jJisrfis’necamu irapueeU/fc 
and reliance on hand labor for manipulation less and less efficient These early 
methods have given wnj to mechanical traction and handling The necessary 
apparatus fer removing slag from tlic carl) small-sizc furnaces treating maml) oxidC 
ores consulted simpl) of pots pushed by laljorcrs As oxide ores were replaced by 
sulphide, matte handling became a problem m connection with slag handling, solved 
b) extra settEog pots which ha>o now gi\cn waj to large forchearths As tonnages 
continued to increase and rpcm, dross, furnace accretions, and refractor) elaga 
came into the picture m the tarious smelting centers compressed air, water, steam, 
and electric power were brought into plaj , and mechanical traction, slag granulation, 
and mcchanieal furnace manipulation in general are found throughout the industo 

The waste gases in carlj lend smelting escaped to the atmosphere, carrying damage 
to crops and man in the immciliate Mcmit) of the plant and resulting in a lerj con- 
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siderable loss of metal values. In later periods, settling chambers for catching dust 
from the smoke stream were provided; these have been supplemented and replaced 
by baghouses for filtering and by electrostatic apparatus for precipitating the dust 
and fume. The primitive blowing engines, adequate for blast requirements at first, 
have been superseded by rotary positive pressure blowers and centrifugal compressors. 

General Features of Blast-furnace Design. — The weight of a modern furnace 
with brick shaft is something over 100 tons. The shaft, the heaviest part, is carried 
on four cast-iron or steel columns, one at each corner, resting on a concrete foundation 
extending about 3 ft. beyond the bedplate and supporting columns. 

A comparative tabulation of data of design and operation oi blast furnaces, based 
upon a tabulation originally prepared by Hof man, ^ is given in Table 4. 

The horizontal section of the furnace is rectangular, the width is most commonly 
48 in., ranging from 36 to 63 in. The distance between tuyeres is limited owing to 
the excessive blast pressure that would be required to penetrate to the center of a ‘ 
larger furnace and that would cause excessive volatilization of lead. When furnace 
charges consisted largely of fine material, the usual distance was 42 in., and this is 
still a common diameter of small furnaces. With sintered ore and a coarser charge, 
this dimension increased to 54 and to 63 in., although 44 and 48 in. are the more 
common figures. 

Enlargement of the lead blast furnace has taken the direction, inevitably, of ' 
increased lengths rather than width, doubling from the original 60 to 120-in. and later 
increasing to 160, 392, and 270 in. The limit to which the length of a lead blast 
furnace can be efficiently increased is an open question. A normal crew can serve 
a furnace, say, 192 in. long; if this length is increased, additional men are necessary, 
and the additional tonnage obtained may not be equivalent to the added cost of 
labor. No great success was at first attained in imitating, on the lead furnace, the 
great increase in length that brought about such a notable development of the copper 
blast furnace. Some experiments with furnaces of this type were made as early as 
1915 in wliich the furnace design amounted to practically two normal lead blast 
furnaces placed back to back with double complements of slag tap and lead well. 
The balance in a lead blast furnace operating on crude ore is a more delicate one than 
in a copper furnace, which probably accounted for the failure of many such furnaces 
to operate successfully. When a lead blast furnace becomes unsatisfactory in opera- 
tion, it is usually cheaper to blow down the furnace, bar out, and start fresh instead of 
attempting to nurse it back to normal work. With a copper furnace this is done more 
readilj’’, and with less loss of metal. 

The operation of the lead blast furnace on crude ore and with a small proportion 
of smtcr is delicate owing to the large number of variables that are beyond the control 
of the furnace operator. However, the increase in percentage of sinter on the charge 
has resulted in greater uniformity in the condition of the charge in all respects, and 
the operation has become much more stable. 

At Trail, B.C., experiments with increased width and length and smaller tuyere 
diameter led to the development of a blast-furnace design shown in Fig. 4. This 
furnace is 270 in, long and 63 in. wide at the tuydres. The bosh increases the width 
to 84 in. at 5 ft. S in. above the tuyeres. The furnace has 36 2}^-in. tuyeres on each 
‘‘’idc, and these have been shown to give a much better distribution of air than the 
smaller number of larger tuyeres. 

This furnace has been very successhil in operation and has developed a much 
higher smelting rate than narrow furnaces of the same length. 

The vertical section of a lead blast furnace is marked bj’ an inward “bosh ” of the 
side wall and a contracted tuyere section. This contraction secures a more rapid 

'lIorMAN, “Metallurpy of Lead/’ McGraw-Hill Book Company, Inc., 1918. 
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Cliargo almost exclusively gray alag from ore hearths. 
SmoUing discontinued, 1Q35. 
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T«y^ro ratio *» square inch tuyere area: square feet hearth area. 
CharKo almost exclusively Rray shiK from ore hearths. 

Smelting discontinued, 1035. < Smelting discontinued, 1933. 
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combustion and concentrated intensified heat, resulting in a quicker fusion and more 
complete decomposition of lead sulphide. When, higher up in the shaft, the width 
is suddenly increased by the boshes, the gases formed at the tuyeres are checked 
in their upward velocity and more evenly diffused through the descending ore column, 
giving up their heat to the charge and preparing it for subsequent fusion. In addition 
the spread of the gases decreases the amount of flue dust carried out of the furnace. 

The ends of the furnace are usually without bosh, although some of the earlier 
plants have end bosh as well as side. Experience generally indicates that the end bosh 
tends to bring about wall accretions. 

Extending upward from the rim of the crucible to the bottom of the brick shaft 
are the water jackets. These are double-walled steel sections through which water is 
circulated. They enclose the smelting zone and prevent corrosion of this portion of 
the shaft by slag. The height to which the shaft is water-jacketed varies in furnace 
design; however, complete water-jacketing of the entire shaft is generally considered 
undesirable or unnecessary. 

A substantial heat loss, as high at 10 per cent, occurs in the jacket waters. This is 
reduced and a more uniform operation secured by a closed, or thermosyphon, system 
for circulation of the cooling water. 

The tuyeres are circular orifices through the jackets, 2% to 43^ in. in diameter, 
usually placed about 13 in. above the rim of the crucible. Through them the blast of 
air is introduced into the smelting zone. They are placed along the sides and some- 
times in the back of the furnace. The side tuyeres are spaced 6 to 20 in. apart. 
The modern furnace takes 5000 to 8000 cu. ft. of air per minute. 

The hearth, or crucible, enclosed in brick, concrete, and ironwork, extends from 
the foundation to the bottom of the jackets. The lines of the crucible are usually 
a continuation of those of the shaft, and the depth of the crucible ranges from 20 to 
36 in., commonly about 30. The crucible, except with very pure bullion, gradually 
becomes filled with a dross of higher melting point than the bullion, except at the 
point adjacent to the siphon tap where the temperature is kept higher by the constant 
withdrawal of bullion. As a result, in most furnaces the crucible is filled with brick 
or concrete to form a sloping hearth draining to a small wall or sump at the front con- 
necting to the siphon tap. 

The Arents siphon lead tap is an opening in the side wall of the crucible. It con- 
sists of an inclined square channel about 8 X 12 in. in cross section, leading from the 
bottom of the crucible side wall, inside, to the top on the outside. At its top, outside 
the furnace, the channel is enlarged into a bowl-shaped basin, called the lead well. 
This tap is placed either at the middle of one of the sides or, preferably, a little toward 
the front of the furnace. \Mien the furnace is running, the crucible should remain 
full, or nearlj’- full, of lead. The lead in the well will stand higher than the level 
inside, owing to the pressure of the blast and weight of the charge on the interior 
surface. The discharge of the lead well is at a level 4 to 10 in. above the top of the 
crucible. The fuxnaceman keeps the lead in the well at a height that maintains the 
lead in the crucible at the top of the hearth, gauging this by experience in tapping. 
Ordinarily, the furnaceman will close up the lead discharge periodically in order to 
force the lead in the crucible to rise to a level where some begins to run out with the 
slag, so that he may know that all speiss, matte, and zinc mush have been cleaned out 
of the furnace when the furnace slag is tapped “to a blow.^^ With charges running 
high in lead, 30 to 45 per cent, the lead overflows continuously from the well into a 
suitable lead kettle at the side of the furnace; with 10 to 15 per cent lead on the charge 
the well is tapped at intervals. 

Handling Ores and Products. — ^The blast furnace may be considered as the objec- 
tive point on which turns the entire transportation sj^stem and flow sheet of the plant. 
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The receivujg and disposing of raw materials, fluxes, fuel, ores, for the blast furnace 
and the disposal of its waste intermediate and prunarj products, form part of the 
general arrangement of the whole smelting plant, involving also the sampling and 
storing of materials, roastmg and prepanng smeltrng charges, and the disposition of 
power, water, and other necessarj factors \ll this involves an engineering problem 
of considerable magnitude, detail mention of which is bej ond the scope of the present 
discussion In sections of the first volume will be found the treatment of earn- 
phng, fuel roasting and smtermg, power, fume collection, slag, and other phases of 
smelting procedure that are more or le'^s common to reduction plants for all metals 

Briefly stated the products of the lead blast furnace are dispo‘=ed of as follows 

1 Lead — Crude lead from the lead well is usually transferred to a dressing kettle 
of 30 to 250 tons capacity where it is freed from impurities held m suspension orsolu 
tion This IS accomplished by drossingor “poling” (mechanical stirnng of the molten 
lead by means of compressed air or steam) and by the addition of sulphur The 
impurities that rise to the surface are slightly oxidized drosses and remain on the 
surface of the bath, from which they are removed by skimming with a perforated 
disk or spoon The agitation exposes new surfaces continually to the air, resulting 
lu tte alow ovidumg of copper, sulphur, arsenic, antimony , zinc, and non which col 
lect on the surface as a dross Wh en sulphur is added as a dressing reagent, the copper 
13 remoi ed as a sulphide The kettle of molten lead is allowed to cool to about 480”C 
before the dross is removed After the dross is removed, the lead is air agitated until 
the temperature drops to about 360“C , removing constantly the accumulatmg dross. 
The temperature is then slightly raised (to about SSO^C ) for the taking of “gum- 
drop” samples (small ladle samples weighing 0 5 assay ton each) and then to about 
425®C for castmg the lead The dross usually goes back to the blast-furnace charge, 
after being freed by liquation or pressing of much of its occluded lead 

Separate smeltrng of the dross in a reverberatory furnace for the production of 
matte and bullion i3 a recent development This reduces the production of matte 
in the blast furnace and elimmates the recirculation of a considerable amount of copper 
and antimony 

2 Matte and Slag — An imaginary cross section of the crucible of an operatmg 
furnace w ould show the crucible filled with lead and floating above the lead, speiss, 
matte, and slag m the order gii en The lead leaves the crucible through the siphon 
tap, which takes off at the bottom, and the other products are tapped through the tap- 
hole at the front of the furnace, intermittently, into an external receiver or forehearth, 
in which they separate in accordance with their specific gravity, speiss at the bottom, 
matte above speiss, and slag above matte On top of the normal matte there is usually 
found a zme mush which separates with difficulty from both slag and matte 

This zme mush, inside the furnace, and outside as well, is the bane of lead furnace- 
men and metallurgists, il is the root of furnace troubles which may lary in intensity 
from merely unsatisfactory assays (metal losses) to the entire loss of the furnace 
through freezmg or slagging (mushing) of tuy cres More than any other single 
factor, the solution of the zinc mush difficulty is to ehmuiate the pos«ibihty of its 
formation, primarily , by the exclusion of zmc-beanng materials from the charge, or if 
this is impracticable, by ensuring the dead roastmg of all zme sulphide of the charge 
Zme combined with sulphur spells trouble, zinc combined with oxygen is handled and 
slagged with comparative case Zme entering the blast-furnace slag is no longer a 
total loss, but in modern practice is recovered with a considerable portion of the lead 
byr further treatment of the slag Improvements m selectiic concentration and m 
pintermg practice hai e been the largest factors in meeting the zinc situation There 
are two other points m the lead blast-furnace manipulation of zinky charges that, 
although not so generally known, are recognized at certain plants as of almost equal 
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importance in combating zinc troubles. At Namtu, Burma, where slag zinc runs up 
to 30 per cent ZnO, it has become recognized that zinc troubles are not always sulphur 
troubles. 

Some of the most troublesome work on record at the Namtu furnaces occurred 
when the physical condition of the sinter was quite up to the average, with sulphur 
only 2 per cent, furnace clean, coke good, and when the analysis of the resultant slag 
was in line with their best type. Trouble appeared because, although the zinc and 
iron were in the charge in the correct proportion, they were not there in the correct 
condition. No trouble is encountered when the iron necessary to satisfy the slag 
demands of the zinc exists in the charge in intimate association with the zinc and when, 
also, a comparatively small amount of slag material has to be made to carry the zinc 
in the concentrator; it is a really troublesome matter when the iron requisite for a 
heavy zinc charge has to be supplied almost entirely, as at Namtu, by the addition 
of limonite and, to obtain satisfactory combination, a considerable heat reaction is 
required. At Namtu, it is also to be noted that a slag fall of 2 to 1 is obtained by the 
amoxhit of slag that has to be formed to carry the zinc, even when this slag contains 
30 per cent ZnO. 

At Cockle Creek, New South Wales, control of zinc troubles had been secured, 
prior to the shutting down of this plant of the Sulphide Corp., by smelting methods 
that were almost unique in lead blast-furnace practice. A combination of high ore 
columns (26 to 28 ft.) and high blast pressure (approximately 70 to 75 oz.) maintained 
an intensity of temperature at the smelting zone and a drive of the furnace that 
resulted in remarkable freedom from zinc accretions and trouble and gave slag 
carrying well lyider 1 per cent lead, with no unusual losses in any direction. 

Where matte is made in appreciable quantities, large movable forehearths (about 
8X4X4 ft.) receive the stream of slag and matte tapped from the furnace. The 
matte and speiss produced are trapped and accumulate in the forehearth, while the 
slag overflows from the top. At intervals, the matte and speiss are tapped through 
the side of the forehearth. The w^aste slag pots are removed by a locomotive and the 
slag disposed of either by pouring over the dump or into a granulating apparatus. 
In most large smelteries, this molten slag is now transferred to a slag-blowing furnace 
where the zinc and lead are largely removed as a fume and collected. 

Formerly, all shells and crusts from w^aste slag pots were brought back to the 
blast furnace for resmelting, because of enrichment of lead and silver in the shell, 
flu.\ing requirements, and beneficial effect on the blast-furnace charge, but the practice 
of recent years tends to discontinue the resmelting of slag shells, substituting the 
rcsmelting of forehearth bottoms. Two forehearths in series are frequently used, 
with consequent throwing aw^ay of the entire contents of the slag pots. In a few 
instances the slag-matte mixture tapped from the blast furnace is transferred to a 
small reverberatorj’^ settling furnace from which matte and slag are intermittently 
removed. In some instances, granulating places the slag in a form that can be easily 
disposed of b5^ sluicing awaj'', w^hen sufficient water is available; it also provides a form 
of slag well adapted for mLxing with the sinter charge. Most large smelteries in w'hich 
a considerable amount of zinc enters the blast-furnace charge now re-treat the blast- 
furnace slags bj^ blowing. A large part of the zinc and lead contained in the slag is 
removed as oxides and is collected in the form of dust or fume in baghouses and cooling 
flues. A considerable tonnage of slag reclaimed from old dumps is being re-treated 
for recovery of its zinc and lead content by tliis method. The blowing furnace 
resembles a blast furnace in general construction. It has a rectangular water- 
jacketed shaft with tuyeres along each side a short distance above the bottom. Mol- 
ten slag is poured in at the top of the shaft to maintain a depth of molten material 
above the tuyere line. Pulverized coal is blown in with compressed air through the 
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tuyeres mlo the 'bath of molten slag, the zme and lead oxides in the slag are reduced 
and the metal vapors are reoxidized in a combustion chamber above the surface 
of the slag and are carried away through flues to the collecting equipment The 
molten slag after blovrmg is tapped out of the furnace and disposed of 

The matte contains silver, gold, lead, and copper and must all be re treated 
Three methods of re treatment are m common use (1) The matte is crushed or 
granulated mixed mth the roaster or sinter feed and desulphurized before being 
returned to the blast furnace (2) The matte is resmelted as a separate operation of 
matte smelting ’ to lower the lead content by replacement with iron and to con 
centrate the copper content to a pom t where the matte may be sold to a copper smelter 
(3) The matte is treated in a standard basic lined copper converter, with or without 
the addition of siliceous fluxes Air is forced through the molten matte at a tempera 
ture of 1100° to 1200°C , oxidizing the S, Fe, and ^ The iron is slagged as silicate 
by the fluxes or as molten Fe jOj if no fluxes are added The lead is slagged or driven 
off with the sulphur as a basic lead-sulphate fume The Cu, Ag, and Au remain 
and are combined wnth copper matte and reduced to metal by a continuation of the 
converting operation The lead bearing slag and lead fume produced m the con 
verting operation are re treated m the blast furnace 

3 Fume and Dust — Hoods are placed at all points around a blast furnace where 
fumes arise the pipes from all hoods lead to a mam flue and exhaust fan which deliver 
to a baghouse or electrostatic precipitator The gases and dust issuing from the top 
of the furnace combinmg with the fumes from the tapping floor, travel through flues 
and chambers in which thej drop most of their dust, and then to special condensation 
or filtering apparatus The methods for recovery of flue dust and fume at lead smel- 
teries and refineries may be classed as dry, wet, and electrostatic Id Chapter All 
of the first volume the subject of dust treatment is discussed in greater detail 

Chemistry of the Lead Blast Furnace — The charge — ore, flux, and coke — fed 
at the top of the furnace is subjected as it descends through the shaft, Jn about 8 hr , 
at gradually increasing temperatures, to chemical reactions and physical changes 
that transform it into lead bullion, speiss matte, slag and gases The two processes 
prmcipallj involved are reduction and precipitation, and incidentally sulphunzation, 
at temperatures ranging from 1100 to 1200“C at the tuyere level to 150°C at the 
throat 

The principal reducing agents are C and CO The carbon, supplied by the coke 
(normally 8 5 to 13 per cent of charge) acts on metallic oxides as soon as the tempera 
turc rises to a point where its affinity for oxygen is greater than that of the metal that 
13 combined with the oxygen this action begins at about 400°C The products of 
oxidation are COj and CO The former results if the metallic oxide is easy of reduc- 
tion, saj below 1000“C , the latter if the oxide is difficult of reduction, perhaps above 
1000°C The reducing action of CO, which begms at about 200°C , increases with 
temperatures up to about 1000“C , be> ond which point it falls off rapidly 

The principal agent of precipitation is non Other metals act as precipitants 
also, m conformity with their affinities for sulphur Fach metal will displace from 
sulphides other metals whose affinity for sulphur is weaker According to Foumet 
such replacement is in the following order 

Cu — Fe — (Co — Is i) — Sn — Zn — Pb— Ag — Hg — Au — As — Sb 
The more recent work of Schutz places the scries in a slightly different order, as 
follows 

Mn — Cu — Is 1 — Fe — Sn — Zn — Ag 

Precipitation, or decomposition of sulphide bj metal, begins at about 900®C and 
IS at a maximum at tu> 6re level, where the furnace temperature is around 1200*C 
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The precipitation reaction is reversible, however, and the complete decomposition of 
the metallic sulphides by iron is thus counteracted to some extent. 

Descending Ore Charge, — In considering the changes in the descending ore charge, 
it is convenient to distinguish four zones: the zone for preparatory heating, 100 to 
400°C.; the upper zone of reduction, 400 to 700°; the lower zone of reduction, 700 to 
900°; and the zone of fusion, 900 to 1200°. There is no sharp line of demarcation 
between the zones, one passing over inio the other; the reactions beginning in one zone 
may be finished only in the next or perhaps even the second lower down. The process 
of heat interception is continuous from the tuyeres to the throat, or from 1200 to 
100°C. 

1. Zone of Preparatorij Heating (100 to 400°C,). — The charge fed into the furnace 
first gives up its hygroscopic water, then that which is chemically combined. Clayey 
material, limonites, and some other hydrates give up only part of this water at 400°C. 
The evaporation of water absorbs heat and thus assists in keeping the top of the 
furnace cool. 

2. Upper Zone of Reduction (400 to 700° C.). — The decomposition of hydrates 
continues, the dissociation of carbonates and of some sulphates begins. The reducing 
effect of CO, which theoretically begins at 200°C., becomes noticeable only at about 
400°, and increases with rise of temperature up to about 900°. It will, therefore, be 
an active agent in reducing FbO completely to Pb, and PbS04 partly to PbS; it will 
also start the reduction of Fe203. The C of the coke, which begins to act reducingly 
at about 400° C. and increases as the temperature rises, will change PbO completely 
into Pb, and PbS04 partly into PbS; it will assist CO in its reduction of FeaOs, and will 
transform CO 2 of the gas current into CO. There will further take place reactions of 
PbS04 and PbO and PbS, setting free Pb and SO 2. 

3. Lower Zone of Reduction (700 to 900°C.). — The reactions started in the preceding 
zone continue and are in part completed; the effect of C becomes more marked than 
that of CO. The CaS04 in sintered ore as well as BaS04 in raw ore are more or less 
reduced to CaS and BaS to be dissolved later on mainly by the slag. The dissociation 
of carbonates is about completed, CaCOs at 910°. The union of Si02 with unreduced 
PbO and PbS04 begins, as does the decomposition of PbS, PbAsj, and PbSby by Fe; 
sulphurization of Cu begins at about the same temperature. Matte of eutectic com- 
position begins to soften. Everything is prepared to be liquefied and to bring to 
completion the chemical processes. 

4. Zone of Fusion (900 to 1200°C.). — The reductions of oxides, including ZnO, 
and decompositions of sulphides are completed; ascending Zn vapor is oxidized and 
sulphurized. Lead reduced in the upper parts of the furnace trickles through the 
charge, picking up Ag on its way, and acting possibly upon lead arsenate and antimon- 
ate; it joins the Pb set free lower down from PbS, PbAsx, PbSby and continues to take 

Ag. The sulphides of eutectic composition, which softened higher up, become 
liquid and dissolve other sulphides to form matte with a melting point lying below thp '} 
of slag formation. The slag components Si02, FeO, and CaO form a slag of lowest 
formation temperature and this, trickling downward, dissolves the remaining Si02, 
^oO, CaO, as well as other bases, such as AI2O3 and ZnO. Scorified PbO is set free 
and reduced by C to Pb. The three main products — lead, matte, and slag — settle in 
layers according to their specific gravities; load passing downward through slag and 
^atte robs them of some precious metal; matte in a similar way removes Pb, Cu, and 
Ag from the slag; at the contact planes of the products, interchange of components 
takes place to a moderate degree with a tendency to collect sulphide in matte and 
inetal in lead. The lead passes off through the lead well; speiss, matte, and slag are 
tapped into the forehearth, from which slag ov^erflows into a waste-slag pot or granulat- 
es apparatus, and speiss and matte arc tapped periodically into suitable receivers. 
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Mechanical Feeding of Charge — The metallurgical and practical success of a 
blast furnace operation depend as much on a proper physical condition of charge and 
its accurate distribution in the furnace shaft as on the actual constituents of the charge 
and their accurate calculation by the metallurgist in control One of the greatest 
steps m the advance of lead blast-furnace "w ork occurred when the old hand feeding 
methods were replaced by mechanical feeding about 1900 along lines developed by 
A S Dwight m Montana This mechanical fecdmg sjstem and the general adoption 
of sintered products m the ore charge constitute the major improvements m the smelt 
ing of lead that have been developed in many years Tonnages and metallurgical 
recoveries were enormously benefited by these steps which almost revolutionized 
art 

Charge components made up of ore flux fuel and secondarj products, vary 
greatly m size In an ideal assortment of sizes about one tbrnd of the charge would 



Fio 5 — tast Helena feeder with Dwight spreader 


be in pieces 5 to 2 in in diameter ene-tbud 2 to in and the remaining third m 
down 

A coarse charge is preferable to a fine one as the ascent of gases is more uniform 
if too coarse, however the gases pa s up and away too quicklj and do not get in their 
proper work on the descendmg charge A fine charge obstructs the flow of gases to 
too great an extent and the gases tend to break through at various points m the form 
of blowholes which upset the chemistry and operation of the furnace completely and 
cause loss by carrymg o5 dust and fume In furnace work there is alwaj s the danger 
of fines tncklmg through the coarser parts of the charge and reachmg the smelting 
zone in a crude state chtllmg the furnace and even cloggmg the tuyeres In modern 
smelting with charges made up largely of smtered materials the fines have been 
reduced to such an extent that thej seldom cause trouble 

In general the coarser parts of the charge must be placed tow ard the center of the 
shaft and the finer material toward the "ide walls The ascendmg gases have a 
tendency to hug the sides of the shaft and their passage must be adjusted by charg" 
distribution so that the gas current will ascend evenly and uniformly oxer the whole 
area of the smelting column The method of mechanical feeding developed at iast 
Helena by Dwight m 1900 is at present in use at the majority of plants in more or Ic** 
modified forms Tlie prmciplc used is shown in Fig 5 
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The contents of the charge car (4 tons) drop onto an A-shaped spreader which 
throws everything toward the sides of the furnace shaft where the bulk of the fines 
remain, while the coarser parts roll down the inclined surface or trough of the descend- 
ing charge and gather along the center axis. To prevent carrying this segregation of 
coarse and fines too far, a modification of the Dwight spreader was adopted by W. W. 
Norton at Murray, Utah, in which the A-shaped spreader, instead of being a golid 
casting, was made up of several parts separated by open spaces, or slots, as shown in 
Fig. 6. The charge, on dropping onto this spreader, is not all deflected toward the side 
walls, but a portion falls directly through the slots and lands in the center of the 
furnace. A satisfactory distribution of charge results, much fine with some coarse 
along the sides, and much coarse with some fine along the center. 

With charges in recent years made up so largely of sintered product, and the 
consequent greater smelting speed of the furnace, there is less danger of the heat 



creeping up in the furnace, and there is now a tendency to ivy to distribute coarse and 
fine more evenly through the furnace. 

Smelting Lead Ores in the Reverberatory Furnace. — Until within comparatively 
recent years the smelting of sulphide lead ores in the reverberatory furnace was very 
common, especiall}’' in England, Belgium, and Austria. Since sintering has come into 
general use, however, reverberatory work has become nearly obsolete. In the United 
States in 1877 there were 56 reverberatory furnaces in operation in Missouri, in 1940 
only 2. 

The process involved was the roast-reaction, or air-reduction, process, based on 
the reactions between PbS, PbO, and PbS 04 at temperatures below lOOO^C., which set 
free Pb and SO 2 . The precipitation process, based on the decomposition of PbS by 
Fe, was formerly in operation with raw lead ores in France and in the United States at 
one plant at Chicago, also with roasted ores in Cornwall. The precipitation process 
as a separate procedure, has been given up because of high cost and hea^-y loss of 
metal. 

The roast-reaction process in the reverberatory furnace involves two operations, 
oxidation and reduction, one following the other closely, and both being repeated 
several times. The finely crushed ore, spread in a layer 4 in. deep on the hearth is 
heated gradually to a full red (500 to 600®C.). The roasting is carried on in such a 
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way that only a part of the PbS is con\ erted into PbO and PbSOi, the rest remaining 
undecomposed The second step of the operation is that of raising the temperature to 
about 800'’C so that the oxygen compounds mai react on undecomposed sulphide 
The resulting metalbe lead runs down the inclined hearth and collects in a basin, the 
SOi escapes mto the flue, and the residue remains on the hearth The temperature 
must remain low during this reduction period so that the charge tv lU not melt, but tv ill 
remain in a pasty condition The reactions are imperfect if the ore is melted 

It tv as found to be impossible to toast a large amount of lead ore uniformly in one 
operation m this manner The first reaction that takes place on raismg the tempera 
ture will not extract all the lead The residue wiU contain rich PbS with some lead 
oxide lead sulphate, and lead silicate The temperature is lowered, air admitted 
and a second roasting takes place followed by a second reduebon This C 3 Cle is 
repeated several times before the bulk of the lead is extracted W ith each successive 
reduction, the temperature must be raised slightlj as the amount of lead diminishes 
To counteract the melting of the charge slaked lime is added Toward the end of the 
process, there will not be enough PbS left to react on the PbO and PbSO<, and to 
reduce these, coal is mixed m Each successive operation is of shorter duration than 
the preceding one, and the metallic lead obtained is each time a little less rich m silver 

The products of reverberatory smelting are as follows 

1 Lead If clean enough this can be rendered fit for market by simply liquating 
and poling if it carries silver, arsenic antimony, or copper, refining must be resorted 
to 

2 Gray Slag This is a more or less matted mixture of lead (PbS, PbO, PbSOi 
PbSiOi), gargue, cinders, and lime, with some silver It is crushed and smelted m 
the blast furnace 

3 Flue Dust This consists mainly of oxidized compounds and is worked m with 
subsequent charges, sbortenmg the time required for roasting If very impure, it is 
sraelted in the blast furnace, with the graj slag 

4 Hearth Bottom This consists of hearth material impregnated with metal 
It IS worked up in the same manner as the residues 

Limitations of Roast reaction Process —To be suited for the rev erberatory furnace 
an ore must be a rich galena, or a mixture of galena and carbonate that does not eon 
tain less than CO per cent Pb, 70 per cent bemg preferable It may not contain more 
than 4 or 5 per cent S 1 O 2 , and its content of zinc blende, pyrite chalcopj rite, calcite, 
and banle must be low The process takes heavy fuel and much skilled labor 

Claxiijicahon of Rt\ erberatory Methods — Reverberatory procedure vanes widely 
m different countries, three distinct methods of ret erberatory w ork being recognized 
Carmthian, English, and Silesian Some of the principal plants work toward the 
object of extracting as much lead as possible in the rev erberatory (Carmthian and 
’nn^iian'j, w’niic o'fners supplement fne reve'^'beratory "by the lilast turnacc, taking 
out only a major portion of the lead in the former The rich residue from the rever- 
beratory, smelted m the blast furnace, permits a higher total extraction (Silesian) 
Some establishments roast the ore slow ly at a low temperature, thereby obtammg a 
maximum recovery of lead (Carmthian and Silesian), while others conduct a burned 
high temperature toasting, aiming to save tune and labor at the expense of metal 
(English) Reverberatory furnaces vary m form and size also 

The Carmthian method 13 distmguished by the smallness of the charge, slow roast 
ing, low temperature of all operations, and the extraction of all the lead in the rever 
beratory The hearth is mclmed toward the flue and the lead collected outside the 
furnace 

The Lngbsh method is marked by a large charge, quick roast, high temperature 
throughout, and extraction of all the lead in the reverberatory The liearth slopes 



LEAD 


179 


toward the middle of one of the sides, and the lead collects inside the furnace, being 
tapped at intervals into an outside kettle. 

The Silesian method is characterized by a large charge, slow roasting, and a low 
temperature, the lead being only partly recovered in the reverberatory, which is 
supplemented by the blast furnace. The hearth is inclined toward the flue, beneath 
which the lead is collected and tapped at intervals into an outside kettle. 

The Silesian furnace (Tarnowitz) is shown in Figs. 7 to 9. 



Smelting Lead Ores in the Ore Hearth. — The ore hearth has come back into an 
important position in the lead industry during the present centurJ^ It is an ancient 
method, with operating principles that ma 3 ’ be said to be intermediate between a 
reverberator^’ and a blast furnace. At first the only method for working low-silica 
high-grade galena ores, it passed into disuse and became largely replaced b^^ the 
reverberator}" furnace, but the reverberator}" has given way, with the advent of the 
baghouse and Cottrell electrostatic processes for the collection of fume and dust, 
and the ore hearth, in modern mechanical form, has taken a new lease of life. In 
1914, there were in operation in Missouri alone 75 ore hearths (hand operated) with 
an annual capacity of 230,000 tons of galena concentrate; by 1923, the Xewnam 
mechanical ore hearth had replaced all the hand henrths on the American continent; 
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aljout fiftj of these furnaces w ere in operation in 1941 with a capacity of 500,000 tons 
annuall) 

Plants faa^e also been erected and are at present m operation, in Canada, England 
Spam and South America treating not less than 60 000 tons 

An ore hearth is essentially a low fireplace suriounded bj three walls, with one 
or more tuyeres at the back It is invanablj made of cast iron In the front there 
IS a cast iron work plate with a groove to carrj off the reduced lead mto a kettle 
There is usually a partial front wall composed of a thick bar of iron, but often the 
front 13 simph a dam formed of a^hes and powdered galena which is impervious to 
melted lead The sides and back must be of iron m order to admit of chippmg off 



the half fused masses of slag that constantly adhere to them, they may be coolctl 
aitnply bj radiAtion from largo heavy castings (Scotch hearth), by a current of air 
(llossie hearth), bj a water boc (American water back hearth) or by both air and 
water boxes combined (Moftet-njumbo hearth) These differences may conveniently 
be taken as lodicaimg the four distinct modifications of the hearth process though the 
manipulation is much the same in all The ^ewnam mechawcal hearth, water 
cooled IS of course a fifth ty pe 

Tlio process earned on in the ore hearth is mainly the roast reaction process 
reseml ling that of the rca erberatory furnace, but differing m the respect that roasting 
and reduction go on simultaneously and that there is considerable direct reduction o. 
liad oxide to metal by the carbon of tbe fuel Tlic charge — ore and fuel — ^floats on 
a bath of molten lead the PI 0 and I bSO* react on undecomposed PbS some PbO » 
reduced by C, and the metallic lead trickles through the charge to the lioltom, o\er 
flowing into an outside kettle 

Tlie character of the ore to which the hearth process is adapted is determined 
li\ much the same limitations as for the reverl oratory furnace These limitations 


Tablb d. — E xamples of Smelting in Reverberatory Furnaces 
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Table 5 — Examples of Smeltivo in RcYFRUEKATonT PunvAfES — (Continued) 
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liowever, are even more strict than for the reverberatory j the Pb content (usually 
70 per cent) should not be less than 65 per cent, the ore should be coarser (necessitating 
preliminary pugging or agglomerating, if too fine), and only low-silver ores should be 
treated. This last restriction is due to the fact that much lead and silver is vola- 
tilized, under the blast of the ore hearth.' With the development of methods of 
recovery of dust and fume in baghouses and Cottrell plants, these volatilization losses 
are, of course, greatly reduced. 



1 01 23t 567 89 10 
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Figs. 10-11. — Hand-operated ore hearth (English). 

The ore hearth has one great advantage over the reverberatory — it is quickly 
started and stopped, without much loss of fuel or heat, and is, therefore, adaptable to 
the intermittent extraction of lead from small amounts of nonargentiferous ore. It 
also consumes less fuel than the reverberatory, but requires purer and higher grade 
ore. 

On the nonargentiferous high-grade lead ores of the Mississippi Valley, the 
mechanical ore hearth is almost supreme, although one large smelting plant remains 
still an advocate of the blast furnace as a method of primary treatment. The other 
major smelter reduces galena concentrate of about 70 per cent grade to bullion and 
gniy slag on mechanical ore hearths, utilizing the blast furnace only as secondary 
equipment for the smelting of gray slag. Both methods are conducted with high 
eflicicncy, and tJic blasUfurnacc procedure has ardent advocates, but the high-grade 
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ore of the district is peculiarly adapted to ore-hearth treatment On ore of 70 per 
cent grade or better, a 65 to 70 per cent lead extraction is obtained, as bullion, on the 
hearth if the concentrate is 80 per cent grade, a 90 per cent extraction, or better, is 
possible, coke requirements being 3 to 5 per cent breeze Of the lead charged, 15 
to 20 per cent is rehandled as baghouse dust and fume, but this is largely PbSOi 
and PbO, which is of immense assistance in the ore-hearth process, which depends 
on the mteraction of galena with the oxide or sulphate to form SOj and precipitate Pb 
If there were a sufficient amount of oxidized product present to oxidize all the PbS, 
it would be possible, theoretically, to reduce and recover all the lead in both forms 
with but little extraneous heat 

About 10 to IS per cent of the lead goes into a 50 per cent product — gray slag — 
which must be re-treated, and which makes an excellent material for rapid, efficient 
blast-furnace smelting The Collinsville, HI , plant, as will be seen from the blast- 
furnace table, using Newnam mechanical ore hearths (and blast furnaces for auxiliary 
treatment), maintained an abnormally high smeitmg speed on its blast furnaces, 7 9 
tons of charge per square foot of hearth (blast-furnace) area, ovi ing to the eas> smelt- 
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Figs 12 13 — Hossie air cooled ore hearth 

ing characteristics of gray slag which formed the principal constituent of its blast 
furnace charge On the other hand it is to be noted that the Herculaneum plant with 
80 per cent of its blastfurnace charge made up of Dwight machine double-roasted 
concentrate, and ivith no ore hearths or gray slag involved, has smeitmg speeds of 
6 3 tons charge per square foot of blast-furnace hearth area It has been found that 
the flotation concentrates of the Mississippi Valley, carrying 56 per cent lead, are not 
advantageously treated on the ore hearth, but must for maximum economy be double- 
roasted and smelted m the blast furnace 

The products of the ore hearth are similar to those of the reverberatory, with the 
added product of “browse,” a mixture of ore, slag, and fuel, which goes back to the 
charge in the ore hearth 

Being a simple type of metallurgical furnace, the ore hearth shows but little variety 
in construction or manner of operating The four early hand-operated forms, shown 
m the accompanying illustrations (Figs 16 to 20) differ somewhat radically from the 
mechanical furnace, the Newnam hearth, shown m Figs 21 to 33 

Scotch Ore Hearth — Figures 10 and 11 show a furnace used in England The 
cast-iron box a set m brickwork q measures 2 ft (front to back) X (width) 

It IS 1 ft deep, and holds about 2 tons of lead Work stone g, an inclmed plate, is 
cast m one piece with the hearth box Groove h leads the overflowing lead to kettle t, 
heated from fireplace j, the gases passmg off through a flue mto chimney I On either 
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side of the hearth box is a cast-iron block n, and another iron block o is at the back. 
This back stone is perforated for the tuyere b, entering the furnace about 2 in. above 
the surface of the lead in the hearth, p is an upper back stone, or cast-iron block; 
the fore stone m is small. Brick shaft c carries off the fumes; at the back is a pit d, 
or dust chamber, cleaned through door e. On the side of the shaft is feed door for 
introducing fuel and removal of slag crusts at tuyeres. Charge is fed from the front. 
A shutter / is in place at the front of the hearth; sliding in a frame r, it is raised and 
lowered by counterpoise s. 

Bituminous coal is used as fuel. After operating for 12 to 15 hr. the hearth 
becomes too hot and must be cooled for about 5 hr. before work can be resumed. 

The Rossic^ or Air-cooled^ Hearth . — Figures 12 and 13 show an arrangement of ore 
hearth in which the sides and back are air-cooled. The cast-iron jacket D has an 
air space inside. Blast enters at E, passes through D, leaves at F, and is delivered to 
luyere G. This cools the walls of the hearth and preheats the blast. The Itossic 



Figs. 14-15.^ — Onginal American ore hearth. 


hearth could be used continuously, but the hot blast caused excessive volatilization, 
and this hearth was abandoned until recovery of fume became possible, when it was 
again brought into use. 

Orfginaf American IFakr-bacfc Ore Hearth. — Figures 14 and 15 show the water- 
cooled ore hearth, in which work is continuous, owing to the cooling of the sides by 
water, which enters at i and passes out at A:. 

Modem American IFa^cr-bacA; Ore Hearth . — In this furnace the cast-iron hearth 
box is supported by short columns in order to air-cool the lead; the upper sides arc 
two water-cooled castings ; the inside working length covers about 4 ft, ; and two hoods 
are provided, an inner smaller one for carrying off dust and the bulk of fume by means 
of a suction fan, and an outer one for removing the remaining fume by natural draft. 
Such a furnace is shown in cross section (in Fig. 16). 

Mojfcf Ore Hrarfh.— Figures 17 to 20 show the combined water- and air-cooled 
hearth, in double form, i.e,, two hearths placed back to back, under one hood. A 
water box cools the hottest part of the furnace, and upon this rests the air box, con- 
sisting of two separate chambers where the heated blast passes down through the 
water box by means of fourteen 1-in. copper tuybre pipes, seven on a side. 

Xewnam Mcehatiical Ore Hcarth.~The hand hearths have all given way to the 
Newnam mechanically rabbled furnace, .shown in Figs. 21 to 35. Figures 21 and 22 
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give a front and side elevation Figs 23 and 24, horizontal and vertical Bections of the 
leadbasm Figs 25 26 and 27, ele% ations and sections of middle water jacket Figs 
28 29 and 30 elevations of right and left end jackets and section of right end jacket, 
Figs 31,32 and 33 details of cast-iron stand supporting the lead basin, and Figs 34 
and 35 perspective views of the furnace with rabbling mechanism at beginning and 
end of trip 



ThebasmoftheNewnamlicarthsliownisSft long 19 5iii wide at the top, 10 m 
at the bottom, and 10 in deep The furnace has 12 tuyeres Lead discharges from 
the basin through siphon tap e (Fig 23) The furnace is shown in perspective {Figs 
34 and 3o), because the full assembly of detail drawings would be unnecessarily 
vdlummous The rabbling machine is hung from an overhead travelmg carriage 
This carriage starts from its position of rest at one end of the furnace On the pulling 
of a lever, and during the trip to the other end the rabble arm is given a motion similar 
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to that of the hand rabble. TiTien the rabble arm is withdrawn from the fire, the 
carriage moves ahead 4 in. and starts the rabble on the next stroke. When the car- 
riage reaches the opposite end of the furnace (Fig. 35), it is stopped automatically, the 
rabble arm withdrawn, and the carriage returned to its original position. A 1-hp. 
motor is sufficient for driving the axles of the carriage and the rabble arm. 

The mode of operating with the Newnam mechanical hearth is the same as that in 
a hand-worked hearth, except that stirring is done by machinery. The first step in 



SECTION, SHOWING TUYERES . 

Figs. 17-20. — Moffet oic hearth. 


the normal Avorking of an ore hcartli is to spread a few shovelfuls of coal over the fire, 
and then a thin layer of ore mixed with 0.5 to 1.0 per cent lime. The fire is left undis- 
turbed for a short time — 1 to min. — during which the charge is more or less 
oxidized, the flame breaks through, and the ore surface becomes crusted. The rabble 
arm thrusts over the edge of the basin into the lead and raises and loosens the slightly 
caked mass. As the mechanical arm rabbles the charge, one man follows it, pushes 
bark the loose charge with a shovel, and drags the gray slag onto the apron plate. He 
is followed by a second man (charger), Avho transfers the gray slag to the water box, 
spreads a thin layer of ore onto the charge, and adds coke breeze as needed. By the 
time the trip to the end of the hearth has been covered, the ore first charged at the 
other end is ready to be rabbled. 
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The charge is made up of cither galena alone, or galena mixed with sintered bag- 
house fume. Slaked lime was formerly" used as a flux; with the substitution of coke 
breeze for bituminous coal, the greater heat generated has permitted the use of lime- 
stone. Fuel used ranges from 3 to 8 per cent of the ore mixture. 



X'lG. 35. — Rabbling mechanism — end of trip. 


From the ore Iiearth the load is collected in a pot, in which it is drossed. It is 
rloaiKxl by liquating and poling, and is then cast into market bars, unless it is to be 
desUverized in the refiner^'. The yield in pig lead and the elimination of sulphur are 





TABtB 6 — Examples of Smelting in the Ore Hearth 
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grGflrtGr in lliG Ngwheui ‘tli&ii in "tliG liEnd liGErtlij "tliG “work gesigt End moro liGEltliful, 
and the cost much less. 

Data from leading ore-hearth plants have been assembled (by Hofman) as shown 
in Table 6. 

Desilverization and Refining of Lead Bullion. — The lead obtained from the ores 
of certain nonargentiferons districts — notably Missouri, Wisconsin, and a part of 
that from Spain and Germany — is comparative!}’' free from silver as well as from base 
metals and can, therefore, be used in manufacture practically as it leaves the smelting 
furnace, after a simple '^poling'' or blowing with steam, followed by dressing. All 
the lead produced in blast furnaces from complex ores, however, contains at least 
enough silver to pay for extraction and, also, impurities which must be removed from 
the lead before it is fit for the market. 

A desilverizing (refining) plant has for its task not only the separation of silver 
and the other precious metals (Au, Pt, Pd) from lead, but also the removal of the 
impurities Cu, Zn, Sn, Bi, As, Sb, S, Fe, Ni, Go, Te, and Se and the consequent con- 
centration of a bullion carrying 95 to 98 per cent lead to a refined lead of not less than 
99.73 per cent lead. These impurities themselves must also be worked up into 
salable products. 

The standard methods of desilverizing and refining lead bullion arc four in number: 
cupcllation, Pattinson process, Parkes process, and Betts electrolytic process. Cupel- 
Intion has ceased to exist as an independent process, but follows the processes of 
Pattinson and Parkes as an auxiliary. It can be adopted alone, however, in spite of 
its high losses and labor costs, for the treatment of rich lead in inaccessible districts 
where silver is the valuable metal sought. Up to the introduction of the Pattinson 
process, all argentiferous lead was cupeled; but costs and metal losses are so high 
that a limit is soon reached where the separation of silver by cupcllation is not eco- 
nomical. This limit is at about 50 to 60 oz. silver per ton of lead. Below this grade, 
the silver recovered will hardly pay for the labor, fuel, and material used, the loss in 
metal, and the inferior grade of lead obtained from the subsequent reduction of the 
litharge produced in cupellation. It becomes necessary, then, to concentrate the 
silver into a smaller amount of lead before cupeling, and this is done by the Pattinson 
and Parkes processes. The process of desilverization must be preceded by a complete 
dressing of the furnace lead for removal of copper, cither b}" poling and cooling or by 
the use of sulphur. This dressing is followed by a process of oxidation to remove 
other metal impurities. Tiiis oxidation is called softening^* in America and ‘‘improv- 
ing” in England. The Parkes process must be followed by a refining or dezinking 
operation to remove the zinc left in the lead by the process, and to remove small 
traces of other impurities. Almost all the impurities in the furnace lead interfere, 
to a greater or less degree, with desilverization b}’’ either the Pattinson or Parkes 
processes. Generally speaking, the Parkes process requires a purer bullion than the 
Pattinson. 

Arsenic and antimony are the most troublesome impurities, even when present in 
very small quantities. Next in order come tin, sulphur, iron, nickel, cobalt, and 
tellurium. Fortunately all these have a greater affinity for oxygen than lead and 
can, therefore, be largely removed by simple oxidation at a low red licat and a skim- 
ming of a molten bath. 

Copper has less affinity for oxygen than the other impurities mentioned and is 
only partially removed by oxidation. It docs form, however, an alloy with part of the 
load itself, which is less fusible than pure lead, and resort is had to this characteristic 
to accoinplisli its removal in the ordinary dressing operation. Copper may be reduced 
to 0.002 per cent or less by treatment with sulphur, rapid agitation, and cooling to 
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just above the freezing point of the lead. The copper is removed as sulphide with a 
considerable amount of lead in the form of a dry powdered dross. 

Bismuth cannot be practically separated from lead by oxidation, as it has less 
affinity for oxygen than has lead itself. It does not interfere with desilverization but 
remains with the refined lead in the Parkes process. For most commercial uses of 
lead, bismuth is not an undesirable impurity; for some applications its presence in 
small amounts is very beneficial. Pot the pToductioTL oi white lead by the old Buteh 
process, however, its presence is undesirable, since it gives the product a gray color. 
The standard specifications for commercial grades (see page 145) limit the bismuth 
content of corroding lead, used for Dutch process white lead, to 0.05 per cent. Other 
commercial grades may contain up to 0.25 per cent bismuth. Removal of bismuth 
in the Pattinson process is not complete but is sufficient for some purposes. In the 
Betts electrolytic process, removal of bismuth is complete, since bismuth is not 
deposited on the cathodes but remains in the anode slime. Bismuth is reduced to 
0.02 or lower economically by the Kroll-Betterton process by the use of magnesium 
and calcium as reagents. 

The many advantages that the Parkes process has over that of Pattinson have 
made it the preferred and most generally used desilverizing process in American prac- 
tice. The Parkes method is lower in operating cost; produces market lead lower in 
silver content (0.10 to 0.20 oz. as compared with 0.40 to 0.60 oz. per ton by the Pattin- 
son process); completely recovers even small traces of gold; produces a lead for 
cupellation with 2000 to 15,000 oz, silver per ton, as compared with 500 to 650 oz. 
by Pattinson ; and shows a much lower loss of lead and silver. 

A combination of the Parkes and Pattinson processes is sometimes used when 
bullion is high in bismuth, the desilverizing being performed by means of the Parkes 
process and the bismuth content of the desilverized lead being lowered by Pattiii- 
sonizing to 0.05 per cent, the dividing line between corroding and noncorroding lead. 
In more modern practice, combinations of the Parkes and the Kroll-Betterton process 
or the Betts process are used, which make it possible by combination of production to 
produce a range oi bismuth content representing ah commercial grades. 

Softening. — The softening or ‘'improving” of lead bullion as a preliminary to 
desilverizing hy either the Parkes or Pattinson process is essential. This is partially 
accomplished in the dressing plants of lead blast-furnace smelteries which have no 
refinery on the premises and must therefore ship their base bullion to distant points 
for desilverizing. The major part of the softening operation is accomplished in any 
case at the refinery proper. In the Parkes process it has been shown that a decided 
saving in zinc consumption exists between the respective treatment of bullion that 
1ms been softened and bullion that has not been softened. For an unsoftened bullion 
containing 4.5 per cent foreign metals such as copper, arsenic, and antimony, 2,87 per 
cent zinc was required to desilverize the lead, whereas 1.75 per cent zinc sufficed if 
softening had preceded desilverization. The relative recoveries of marker lead were 
43 and 72 per cent of the bullion charged. 

Softening has for its object the removal from the blast-furnace base bullion of 
the impurities that interfere with desilverization, mainly copper, tin, arsenic, anti- 
mony, and sulphur. Copper is best removed by a separate drossmg operation prior 
to softening, but this operation is sometimes combined to some extent with the 
softening operation. 

Furnace Softening.-— The operation consists of two stages, liquation or drossing 
and oxidation. By liquation, metals held In solution by the furnace lead are separated 
from the lead by slow melting at a low temperature. By oxidation, which later 
occurs when the temperature is raised to a bright red with introduction of air or 
steam, metals alloyed with the lead are converted into oxides. These are to some 




40-43 — 300-ton softening and refining furna 
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extent volatilized, but mainly combine with the PbO, formed at the same time, and 
are slagged off. 

In the first step, the bullion is slowly melted at 370 to 380^0. and there rises to 
the surface a dross consisting principally of copper, sulphur, arsenic, and lead. In 
the second step when the temperature has been raised to a good red heat, the three 
principal impurities alloyed with lead are oxidized in the order tin, arsenic, and anti- 
mony, The surface of the bullion becomes coated with dark yellow powdery ‘Hin 
skimming,’^ mainly antiiuoniate and stannate of lead and antimoniate of tin. As 
soon as the tin skimming has been removed, the lead begins to give off fumes of arsenic 
and antimony, and arsenate and antimoniate of lead begin to form. These are drawn 
off together as an “antimony skimming after the furnace has been cooled sufficiently 
to cause the skimming to solidify. The last traces of antimony come out with diffi- 
culty, and to hasten the process rich litharge from the finishing cupels can be stirred 
into the bath. 

Jets of air or steam are introduced through perforated pipes, to stir the bullion 
and hasten the oxidation. Before the antimony has been removed, a sample of the 
bullion will “ work,“ f.c., it will show small greasy particles of revolving black skimming 
on the surface of the lead. As the softening approaches the end point, these globules 
disappear and a thin yellow litharge forms. 

In the continuous lead-refining process developed at Port Pirie, South Australia, 
discussed in more detail later, furnace softening is carried on continuously in a com- 
paratively small water-cooled reverberatory furnace into which bullion containing 
0.80 per cent antimony and 0.30 per cent arsenic fiows at the rate of 26 tons per hr., 
and from which softened bullion containing 0.03 per cent antimony and 0.0004 per 
cent arsenic and a slag containing 8.0 per cent antimony flow continuously. The 
mixture of molten lead and slag flows continuous!}^ through a heated forehearth where 
the two separate by gravity and are withdrawn separately in a molten condition. 
The temperature of the softening reverberatory is maintained at 760‘’C. Air is 
introduced through water-cooled pipes submerged in the molten lead, and the oxida- 
tion reaction supplies the greater part of the heat required for the operation. 

Three softening processes are in general use. Chemically the process is the same 
in each; however, the difference in equipment and operation is considerable. Tiiesc 
arc (1) batch-furnace softening, (2) continuous-furnace softening, and (3) Walker 
process or kettle softening. 

In (1), a batch of 50 to 300 tons of molten bullion is held in a reverberatory furnace 
and agitated with air or steam at about 650°C. until the arsenic, antimony, and tin 
arc lowered by oxidation to the desired amount. The temperature is lowered, and the 
aoxides are skimmed off as a solid skim or semimolten slag. In (2), the molten bullion 
flows continuously through a small reverberatory heated to about 760® C. and is 
strongly agitated with air. The arsenic, antimony, and tin with some lead are oxi- 
dized to form a slag that is liquid at this temperature. The molten lead and slag 
flow continuously from the furnace to a heated forehearth where the}’’ arc separated 
by gravity. In (3), the molten lead in batches of 100 to 250 tons is heated in kettles 
to about 675 °C., covered with a layer of hydrated lime, and strongly agitated by 
mechanical stirring, or air is introduced below the surface. The arsenic, antimony, 
and tin arc oxidized with some lead. The molten oxides are collected or “blotted’* 
off by the lime, maintaining a clean metal surface for rapid oxidation. The oxide- 
lime mixture collects ns a dry pelletized dust-free skim, which is skimmed off the surface 
of the lead. The metal of the kettle is protected by the use of lime from the 
corrosive action of the molten oxides of arsenic, antimony, and lead which would other- 
wise attack it at this temperature. This method may be applied to refining or dezink- 
ing lead Avith the same advantage, so far as protection of the kettle is concerned; 






LEAD 


197 


however, the amount of skimming produced is excessive, and the method has no 
economic advantage over other dezinking methods. As a softening method, it has 
proved very successful. 

The furnaces used for softening and refining or dezinking in American practice 
are shown in Figs. 36 to 43. 

The construction of the reverberatory furnace used for continuous softening at 
Port Pirie is shown in Figs. 44 to 59. 

The fuel consumed in furnace softening ranges from 2 to 12 per cent, and averages 
5 per cent soft coal, by weight, of the softened lead produced. Fuel oil is in some 
localities considerably more economical. 

The time required for removal of arsenic and antimony by furnace softening varies 
with the size and design of the furnace, the temperature, the amount of air introduced, 
and other details of the operation. The rate of removal falls off as the impurity con- 
tent is reduced. The total softening operation in practice includes of course the time 
of filling and emptying the furnace also. In general, it may be said that in a furnace 
of this capacity the complete softening of a charge of 200 tons of lead containing 1 per 
cent arsenic plus antimony will require 30 hr. 

At Port Pirie a bullion containing 0.80 per cent antimony and 0.30 per cent arsenic 
is softened in the furnace illustrated at the rate of 26 tons per hr. 

Colcord Process. — This process removes copper and arsenic from the bullion as 
the first operation in refining prior to softening. Sulphur is stirred into the metal 
with a mechanical stirrer at a temperature of about 350° C., which is sufficient to cause 
the sulphur to unite with the copper. The temperature is then raised to about 
400°C. until the copper sulphide readily separates as a dross. The next step is to 
add caustic soda to the metal, raise the temperature to between 500 and 600°C., and 
thoroughlj^ stir the caustic soda into the metal, using a mechanical stirrer, air jet, 
or other mechanical means. Arsenic contents of the metal can be reduced to any 
desired quantity by fractional additions of caustic. The sodium arsenate in the 
caustic skim is suitable for the manufacture of insecticides by leaching with water. 
The leached residue, containing lead and a little antimony, can be readily treated. 

After the softening operation, the bullion goes to whichever desilverizing process 
is provided and the desilverized lead must then pass to a refining or dezinking treat- 
ment for the removal of the zinc remaining from the Parkes process (0.55 per cent), 
as well as the small amounts of arsenic and antimony that may not have been entirely 
removed during the softening or that were introduced with the zinc used in desilveriz- 
ing. If the desilverizing has been by means of the Pattinson process, refining is some- 
times necessary to remove the arsenic and antimonj^ retained in the crystallized 
lead. 

Harris Process. — The Harris process of softening and dezinking hy the use of 
sodium hydrate is now in use at refining plants in England and on the continent, in 
Mexico, and in North Africa. This process is applicable to softening or dezinking 
of desilverized lead. It thus both precedes and follows the standard desilverizing 
operation by cither the Parkes or Pattinson process. 

The process is designed to accomplish the removal of such impurities as arsenic, 
antimony, and tin from base bullion or any other metallic lead material, and the 
removal of zinc from desilverized lead. 

This is done by bringing about an intimate contact between the metal, at a tem- 
pcrat\irc not greatly in excess of its melting point, and molten sodium hydrate. A 
clean separation takes place, thereby, of the lead from its impurities, arsenic, anti- 
mony, tin, and zinc, which are quantitatively collected in the form of their oxides or 
oxysalts, suspended in or otherwise associated with the molten caustic. The mixture 
of caustic and oxide is then treated by a wet process for the recovery of the contained 
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reagents and of the oxides and oxysalts derived from the impurities removed from the 
lead. 

The circuit of the wet process is closed and complete, rendering a recuperation of 
95 per cent of the free reagents possible, which, in turn, are used again in the process. 
The impurities are also completely and scparatelj'' recovered and are free from either 
lead or other impurities. Arsenic and zinc, the latter from desilverized lead, are 
directly obtained in salable form, the former as calcium arsenate, the latter as zinc 
oxide, while the recovered antimony and tin compounds can readily be reduced to 
metal. The essential feature of the Harris process is that a clean separation of the 
constituents of the bullion is made possible, each being recovered completely and in 
marketable form. The operation is all performed in, and above, the regular refinery 
kettle, without furnaces. The pumping apparatus and chemical-treatment tank is 
a portable unit which is swung onto the top of the kettle and removed when purifica- 
tion is complete. 

In the usual design of this apparatus the molten mixture of caustic and other 
salts is contained in a small tank through which the molten lead is pumped and allowed 
to overflow and return to the kettle. The circulation of the lead through the molten 
reagent is continued until the desired purity is obtained. 

The process is sound and practical in principle and has many advantages, but has 
not been universally adopted, since in practice it cannot always compete economically 
with other processes. Where it has been successfully applied, considerable modifica- 
tion has been necessary in most cases to adapt it to local conditions and materials. 

Furnace Refining. — ^The furnace used for dezinking and refining is similar in 
construction and operation to the softening furnace, except that a higher temperature 
is required. The furnace is filled udth desilverized lead containing 0,55 per cent zinc 
at a temperature of 450°C. The temperature is raised rapidly to 750°C., and steam 
is introduced through submerged pipes. The steam aids the oxidation by agitation 
and also by^the decomposition of water by metallic zinc. The treatment is continued 
until the zinc and antimony are reduced by oxidation to approximately 0,001 per cent 
zinc and 0.005 per cent antimony. The zinc and antimony, with considerable lead, 
arc skimmed from the surface of the molten lead in the furnace in the form of a dry 
powderj" oxide skim, which changes to a molten slag at the end of the operation. 
For a lead containing 0.55 per cent zinc and 0.3 per cent antimony the operation 
requires 12 to 16 hr. and produces about 5 per cent skim, containing about 90 per cent 
load. Corrosion of the furnace refractories by the refining skim is very severe. 

Dezinking with Chlorine. — The chlorine dezinking process is the one most 
generally employed in the lead refineries in the United States. It has the advantages 
that the destructive corrosion of the refinery equipment is avoided and the zinc is 
recovered in a marketable product. The process is conducted in kettles using any 
one of several types of apparatus. One of these, the Betterton apparatus, is shown in 
Fig. 60. 

The molten desilverized lead is heated to 450°C. in a kettle and is pumped through 
a chamber where it is hrouglit into intimate contact with gaseous chlorine. The 
zme contained in the lead is converted into zinc chloride, which separates from the 
lead and floats as a molten layer on the surface of the metal. The molten zinc chloride 
IS removed from the surface, cleaned by treatment with metallic zinc, and marketed 
as a commercial chemical. The dezinked lead must be given a further treatment to 
remove antimony. This is done either by oxidation in a reverb eratorj^ furnace or 
by treatment with sodium hydrate in a kettle. 

Molding Refined Lead. — Refined lead was formerly ladled by hand from the kettle 
into molds placed in front of it. This operation is now performed by mechanical 
equipment, Tha refined lead is run into molds either directly from the reverberatory 
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OT k'tUe m ^^hlch the zsqc and antimony ha\e been. rettio\ed from the desilverized 
lead, or, ns is more common practice nith plants having large units, the refined lead is 
tapped into a storage reverberatory furnace or market kettle from which it is run or 
pumped into molds The storage re\ erberatorj is of the same capacitj as the refinmg 
furnace, and its construction is similar, though it is not generally nater jacketed 
A great varietv of mcchamcal castmg machines for pig lead have been developed 
and are m use Each t> pe is usuallj a local modification of a standard type though 
some designs have become standardized and are sold by equipment manufacturers 
The three general tvpos are the 'straight line” or "Walker type, the “vertical 
wheel" or Miller ti pe and the ‘ horizontal wheel " or IS eimam type Much mgemous 
mechanical equipment has heen developed for performing the various operations of 
skimming, trimming, stamping, and handling of the bars and the labor required for 
the moldmg operation has been greatlj reduced W ith machines molding an average 



Fic GO — Betterton chlorine dezinking machine 


of 35 to 50 tons per hour, lead can he molded, n ejghed, and placed in stock or in cars 
for shipment M ith a crew of four men, one of iibom operates a power truck 

Straight-Ime Molding Machine — Ihc lead ls usually run from the furnace or 
pumped from a kettle through a pipe, provided with a regulatmg valve, into a cast- 
iron trough which tilts on trunnions The side of the trough has a number of 1-in 
spouts through w hich the lead flows mto the molds w hen the trough is tilted b> means 
of an air lift, thus pouring a number of bars, usually five, at one time The molds 
are carried i>j an endless link-ehajn conveyer nhieh ira% e}^ m a horiro/itsi direction 
in front of the pouring trough The convojer travels for a distance bejond the 
trough, where the lead m the molds may be skimmed bj hand The bars arc then 
cooled in travel by water sprays from below and are trimmed and stamped bj hand 
or bj mechanical devices Ihe conveyer tlien passes up an incline and discharge* 
the bars by inverting the molds Tlic bars fall onto a table or truck and arc stamped 
and handled cither by hand or mechanieally While some horizontal straight-linc 
marhine* have been designeil to start and stop, traveling each time the distance 
represcntetl by a group of bars poured, this slows the operation of the machine and 
introduces mechanical diHicuIties in prev enting vibration and roughening of the molten 
lead in the molds For this reason the conv ej er usiiallv trav els continuously , and the 
pounng trough is arranged to travel with the conveyer while pouring and to be 
returned to its original position at tw ice the normal speed by an automatic mechanism 
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Vertical-wheel Machine. — ^The Miller casting machine consists of a vertical iron 
wheel with water-jacketed molds on its periphery. This machine handles 12 to 14 
tows of load poT howY w\U\ thxoo mow. 

Horizontal-wheel Machine. — ^The Newnam casting machine is a horizontal-wheel 
type of machine that handles 50 tons of lead per hour with four men. The molds 
are arranged in sets of five parallel pigs, supported radially on a horizontal-wheel 
structure. Five pigs are poured simultaneously. As the wheel revolves the pigs 
are cooled, trimmed, and passed under an automatic stamping machine. They are 
removed by a pig-pulling and stacking machine which lifts the pigs out of the molds 
in sets of five and places them in a stack of 35 weighing approximately 3200 lb. The 



Fig, 61 . — Five pigs just being lifted by Newnam pig-pulling and stacking machine. 


stack is picked up by an electric truck of special design which, after passing over the 
scale, places the pile in stock or in a car for shipment. 

The Newnam macliine and lead truck arc illustrated in Figs. 61 to 63. 

Parkes Process. — This method of separating silver from lead is based on two facts: 
(1) a greater affinity of silver for zinc than for lead, and (2) the insolubility of zinc- 
E'lver alloys in lead which is alrcadj’’ saturated with zinc. The process consists, in 
orief, of stirring 1 to 2 per cent of zinc into a bath of molten lead heated to above the 
mePirg point of zinc (415°C.) and allow'ing the mixture to cool, whereupon a crust 
rises to the surface of the molten lead containing nearly all the silver. A repetition 
)f the zinc addition, in smaller quantity, gives another, low cr, silver crust and leaves 
a molten lead that is practically free from silver, containing usually not more than 
0.20 02 . per ton. 

The zinc crust, wdiich contains considerable lead besides the zinc and precious 
metals, is distilled in retorts for the rccoverj* of zinc and to obtain an enriched retort 
bullion, wdiich is cupeled to produce dore silver, with litharge as a by-product. 

In addition to combining wdth silver, zinc has an affinity for other metals present, 
notably gold and copper, with both of w hich it combines before picking up silver. 
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Gold is entirely extracted by the first zinking, and copper enters the zinc crust almost 
as readily as gold, though not quite so completely. The gold-copper-zinc crust is 
formed, containing all but the minutest trace of the gold present, before the lead 
itself begins to take up zinc, the gold-zinc and copper-zinc alloys being apparently 
almost insoluble in zinc-free lead. It is impossible, in the case of silver, however, to 
produce a crust without first saturating the lead with zinc. The saturation point is 
approximately 0,55 per cent zinc. 

Bismuth does not interfere with the desilverization, but antimony in amounts as 
small as 0.1 per cent, as well as arsenic in even smaller proportions, not only retards 
the rising of the crust but prevents a clean separation from the underlying lead. If 
the work lead contains 0.1 per cent antimony or 0.05 per cent arsenic, it is difficult to 
produce market lead sufficiently low in silver without excessive zinc consumption. 

The importance of thorough softening is apparent. Arsenic, fortunately, is much 
more readily oxidized than antimony, so that it is completely removable by an 8- 
or 10-hr. softening, and the critical point becomes one of antimony removal. Copper 
is readily removed by repeated drossing or in the softening operation. If this has 
not been thoroughly accomplished, an excessive amount of copper-zinc crust is formed 
in the desilverization before any silver can be extracted. Nickel and cobalt have a 
tendency to enter the zinc crust like copper; however, both these metals are readily 
removable in the dressing operation. 

In ordinary zinc desilverization, there are present, in varying amounts, besides 
silver, the metals gold, copper, platinum, palladium, tellurium, bismuth, arsenic, 
antimony, tin, nickel, and cobalt in the base bullion and cadmium and iron in the 
spelter. Of these, silver, gold, copper, platinum, and tellurium readily enter the 
zinc crust. The others do so only to a slight degree. They interfere, more or less, 
however, with the work, and the zinc consumption is usually increased by their 
presence. The quantity of zinc necessary to accomplish desilverization depends, of 
course, on the purity of the lead and the amount of silver present. If the lead is 
practically pure, it will hold in solution between 0.6 and 0.8 per cent zinc, at about 
400®C. This quantity has to be added to the kettle as a constant, before the lead will 
give up any of its silver. Thereafter, the quantity of zinc required for combining the 
zinc with silver must be provided on a basis of the compound AggZns. 

In practice, it is not practicable to desilverize high-grade lead bullion by a single 
addition of zinc. If no gold crust is made, it is fairly uniform practice to desilverize 
by means of two additions of zinc. The aim is to concentrate as much silver as 
possible, and all the gold, into the first crust, which will contain 2000 oz. or more of 
silver per ton. This crust is sent directly to the retorts. In the second zinking, 
an excess of zinc over that required for the amount of silver present is used. This is 
necessary if the silver is to be thoroughly removed from the lead. The resulting 
crust is unsaturated and is used to take the place of part of the fresh zme needed in 
the subsequent first zinking. The second crust is low in silver content, and may go 
as low as 10 oz. per ton. 

The gold is removed with the silver, the gold-silver-zinc crust is retorted, the 
retort bullion is cupeled, and the dord silver parted cither with sulphuric acid or by 
electrolysis. The making of a separate gold crust is in most cases not economical, or 
usual in the United States, as it requires time and also separate storing and handling 
of two classes of products. Tlic lead bullion also retains small amounts of gold in 
spite of the greatest care given to the gold-crust operation, and thus it is impossible 
to avoid the final parting of the dore .silver produced. 

For freeing the zinc crust from mechanically entrained lead, the Howard press is 
in general use, replacing the liquating kettles or reverberatory furnaces formerly used 
for this purpose. This press is described later and is illustrated in Fig, 64. 
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The desilverizing operation proceeds as follows When the softened bullion in the 
kettle has been dro«sed and brought to about 482‘’C , blocks of crust from the precedmg 
second zinkuig are charged and sufficient new zinc also is added In some plant** the 
blocks from the second zinking are charged first into the empty kettle, melted, and 
then the spelter added , foUon mg this the bullion is tapped into the kettle from the 
softening furnace and the mixture stirred to incorporate the zinc In any case the 
crust and spelter must be mcorporated into the bullion and the zmc brought mto 
intimate contact With the metals gold, silver, and copper by thorough agitation 
In some plants a small amount of ammonium chloride is thrown into the kettle before 



stirring (about 1 lb to 10 tons of lead) for the purpose of keeping the tools clean and 
counteractmg the oxidation of crusts Except in very small operations, hand and 
steam agitation ha^c been replaced by mechanical stirrmg, usmg the Howard mixer 
This consists of a motor-driven propeller earned on a vertical shaft and supported 
at the center of the kettle on a removable bridge The depth of immersion of the 
propeller varies m different plants and in some designs is made adjustable In the 
original design of this mixer, the propeller was surrounded by a sheet-steel cone or 
cylinder open at top and bottom In some designs this element is eliminated The 
propeller is rotated to produce a dow nw ard flow of metal and in operation a vortex 
IS formed in the molten lead at the center of the kettle about the mixer shaft and a 
very thorough turning over and mixing of the metal is produced 

After stirring for 10 to 30 mm the first crust is removed and pressed The second 
addition of zinc is then made and stirred in The first crust is remoxed w ithoot lower- 
ing the temperature, which is held at idtoiit 450'’r since it ts de«irable to remove ns 
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little lead as possible with the crust, and there is no attempt to clean the remaining 
lead of silver. In skimming the second crust, the temperature of the lead is lowered 
until all the crust that can be made to do so rises to the surface and is removed. 

The weight of the crust produced varies with the amount of silver pressed. On a 
100-ton kettle with 100-oz. bullion the first crust weighs approximately 7000 lb., 
and the partly desilverized remaining lead will contain 40 to 60 oz. of silver per ton. 
The second crust will weigh approximately 25,000 lb., and the desilverized lead remain- 
ing will contain less than 0.2 oz. of silver per ton. Two men in addition to the kettle 



Fig. 65. — Flow sheet of continuous refining. 


firemen usually do the entire work of desilverizing a single kettle of lead. About 
2 tons of coal per 8-hr. shift is consumed. 

Continuous Lead Refining. — ^At the Port Pirie plant of the Broken Hill Associated 
Smelters Proprietary Ltd,, the operations of furnace softening, desilverizing by the 
Parkes process, and furnace dezinking have been combined and reduced to a con- 
tinuous process in which the bullion flows continuous!)* through these steps in suc- 
cession and emerges completely refined. Slag, drosses, and other by-products arc 
also withd^a^^^l continuously and re-treated. A flow sheet of the process is shown in 
Fig, 65. 

The softening furnace, briefly described under Furnace Softening, is a rectangular 
water-jacketed reverberatory fired with oil. The bullion enters and leaves the furnace 
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through submerged trapped openings Ufolten sJag overflows from the furnace con 
tmuously Air is mtroduced through tw o w ater cooled submerged blowpipes The 
brickwork is of steatite bonded with sodium silicate 
Analyses of feed and products arc shown in Table 7 


Table 7 — Port Pirie Co^TI^rooTIS Softbvivq 


Material 

%Sb 

%As 1 

%Cu ; 

Ag, oz ; 

An 02 

Drossed bullion to furnace 

0 78 ' 

0 29 ' 

0 004 

1 53 1 

0 039 

Softened bulhon from furnace 

0 03 

0 0004 

0 004 

54 0 

0 040 

hlolten slag from furnace 1 

8 10 j 

2 70 

0 005 




The desilverizing kettles are of deep narrow form resembling a bottle in cross 
section They are approximately 20 ft deep and 10 ft in diameter at the widest 
point Means for differential heatmg at different points m the kettle are provided in 
the setting, and definite temperature zones are maintained at different depths Tie 
kettle 13 kept full of molten metal at all times A practically constant range of 
composition and temperature is maintained from desilverized lead at 350”C at the 
bottom to a layer of rich silver zme dross at 6oO°C which floats on the surface Tie 
molten softened bulhon flows contmuously to the kettle, entering at a temperatuiu 
of 650'’C It passes downward through the zinc dross and various layers of molten 
metal losing its silver content m the passage and is withdrawn contmuously from the 
bottom of the kettle through an inverted siphon discharge pipe 

The silver zinc dross is ladled out of the top of the kettle, concentrated in a liquat- 
ing kettle similar in design to the desilverizmg kettle and is retorted and cupeled 
m the usual manner The desilverized lead flows contmuously to a rectangular 
reverberatory furnace similar to the softening furnace, is deziuked by oxidation, and 
flows continuously to a Isewnam moldmg machine 

The continuous process requires a constant supply of bullion of uniform composi- 
tion and produces a uniform product It has the adi antage of compactness m plant 
design, small stocks of by products to be stored and economy of labor required 
Equipment Used m the Parkes Process — The kettles used m lead refinmg opera 
tiona may be conslmctcd of cast iron, cast steel or welded steel They are usuallj of 

approximate hemispherical form and occasionally are elliptical They range in 
capacity from 30 to 300 tons Kettles up to 30 tons m capacity are usually made of 
cast iron Larger sizes w ere formerly cast but m modem practice are made of welded 
steel plate up to 2 m m thickness The steel construction has the advantage of a 
thinner wall for heat transfer and also the fact that cracks or flaws may be repaired 
by welding giving the kettle a long life in service 

Howard Stirrer — The Howard stirrer or mixer is used for agitating molten lead 
when introducing zinc in the Parkes process or other reagents used m refining opera 
tions It consists of a motor driven propeller supported on a vertical shaft and fub 
merged vn the molten lead The propeller is sometimes surrounded by a sfort 
cylinder or cone, open at the top and bottom the upper rim of which is below the 
surface of the lead The whole is supported on a frame bridging the kettle The 
rotation of the propeller creates a vortex and a downward flow of lead at the center 
of the kettle Any reagent to be mixed with the lead is drawn mto this vortex driven 
below the surface and very thoroughly mixed with the metal 

Howard Dross Press — ^Tie Howard press used lor freeing dry drosses of mechsni 
cally entramed molten lead consists of a vertical frame supportmg a vertical cons 
pressed air or steam cylmder mounted above a shallow cylindrical receptacle, on 
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'^basket,” with a drop bottom. The cylinder is fitted with a piston that may be 
raised and lowered, and the piston rod carries at its other end a plunger, or platen, 
that fits into the basket. In some designs the face of this plunger is provided with 
projecting prongs that penetrate the material being pressed and pass through holes 
in the bottom plate when the plunger is forced to the bottom of the basket. 

In use the press is suspended over a kettle of molten lead having a layer of dross 
on its surface, the plunger is raised free of the basket, and the press is lowered until 
the rim of the basket is only a few inches above the surface of the lead. The dross 
is then skimmed from the surface of the lead into the basket until it is filled. The 
plunger is lowered and forced down under a pressure of 90 to 100 lb. per sq. in., com- 
pacting the dross and squeezing out a large part of the entrained molten lead, which 
escapes through holes in the bottom plate or around its edge. 

To discharge the press, it is swung aside and the bottom plate is dropped, dis- 
charging the pressed dross in a cake on the floor. 

Dross Basket. — A considerable amount of entrained lead may be removed from 
granular drosses by merely placing them in a perforated vessel and allowing the lead 
to drain. The vessel, or “basket,” usually takes the form of a 60-deg. steel cone 3 to 
4 ft. in diameter and perforated with M-in. holes. It is provided with a bail and a 
tail chain so that it may be tilted and dumped. The basket is suspended from a crane 
over a kettle of molten lead, and the dross is skimmed into it until it is filled. It is 
then lifted above the surface of the lead and allowed to hang and drain for a short time 
before being swung aside and dumped. The basket may be manipulated on the 
surface of the lead by the suspending crane in such a way as to skim the dross from 
the surface of the lead. The use of a vibrator on the dross basket, while suspended 
to drain, has been found to increase the removal of lead appreciably. 

Removal of Bismuth. — Bismuth occurs with lead in most lead ores and follows the 
lead through smelting and refining operations, including desilverizing by the Parkes 
process, to the final refined lead. Commercial refined lead specifications set a maxi- 
mum limit of 0.25 per cent bismuth in common lead. The presence of bismuth in 
lead within this range has practically no effect upon its properties for any application 
as a metal and is an advantage in that it improves the lead for certain alloys. When 
refined lead is used in applications where it is to be dissolved or corroded for producing 
chemical compounds, bismuth may be an undesirable impurity. This is particularly 
true in the production of basic carbonate white lead by the Dutch or the Carter 
process, Avhere any impurity in the lead enters the white lead produced. Bismuth 
in such a case renders the white lead gray in color. For such uses “corroding lead,” 
containing less than 0.05 per cent bismuth, must be used. 

Bismuth is removed from lead with other impurities at one operation in the Betts 
electrolytic refining process. The Pattinson process of desilverization removes 
bismuth to some extent with the silver; however, the removal is incomplete and the 
number of crj’stallizations and the amount of equipment required have made this 
process uneconomical for both silver and bismuth removal. 

The Kroll-Bctterton process for bismuth removal by the use of calcium and 
magnesium secures a very efficient removal of bismuth and is well adapted for applica- 
tion to desilverized lead as a step following the Parkes process. 

Both calcium and magnesium will remove bismuth from lead when used alone, but 
when used in combination the efficiency of each is increased. These metals form 
compounds CajBis and INIg^Bio which separate on cooling and can be removed as 
dross, similar to the zinc crust in the Parkes process. 

Desilverized, dezinked lead, containing less than 0.01 per cent arsenic plus anti- 
mony, is treated witli equal quantities of calcium and magnesium which are added 
at about 425°C. and thoroughly stirred into the lead. Magnesium is added as metal. 
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calcium J"* added as a 3 to 4 per cent calcium lead alloj The amounts of calcium and 
magnesium requu-cd to lower the bismuth to 0 02 per cent are indicated in Table 8 


Table 8 — Kroll-Betterto\ Process 


Bismuth in original 
metal, % 

Reagent required, 
lb per ton of lead 

^ Calcium 

Magnesium 

0 10 

1 30 

1 30 

0 50 

2 15 

2 15 

0 80 

1 2 90 1 

1 2 90 

1 OO 

3 40 1 

3 40 


The dross formed la removed bj skimming and is recirculated in two stages siinilar 
to the Parkes process The dressed lead contains 0 02 per cent bismuth and 0 05 per 
cent calcium and magnesium The reagents arc removed bj chlorination or 
oxidation * 

The dross is concentrated to about 50 per cent bismuth by liquation of lead and is 
then treated for production of refined bismuth 

Treatment of Zme Crust — Many methods have been tried for working up the 
zinc crust distillation, smelting, cupellation, alkali-chlonde fusion, steam oxidation, 
ammonium-carbonate leaching, but only one has survived — distillation of the zme 
from the crust in a retorting furnace This subiect is treated more fully elsewhere 
in this volume 

Treatment of Intermediate Products — Refineries tend to accumulate a large 
assortment of by-products that must be u orked up into marketable products currently 
with the major operation These intermediate products are described briefly below 
Softening Fumace Dross and Skurmamg — The copper drosses from the softening 
furnace are usually not of great amount, smee the lead bullion is usually freed from 
dross at the smelter The drosses from the softener are ordmanly kept separate 
from the skimmmg Where the dross is treated by itself, the procedure is a simple 
liquation m a small reverberatory The furnace is charged and heated until the lead 
that liquates out of the dross foims a bath, on which the dry dross floats Tthen 
sufficient dry dross has accumulated, it is pulled out through the furnace door The 
temperature is set low so that no dross is again melted into the lead Dry dross 
recovered is smelted m the blast furnace, the lead goes to the softening furnace 
The treatment of antimony softener skimming is an operation leading to the 
producUou of autimonial lead This skimming is smelted in a reverberatory furnace 
with the addition of a high grade galena or stibnite and fine coal The metalhc lead 
reduced from the skirammg contams most of the precious metals This lead, carrying 
about 1 5 to 4 per cent antimony, goes to the softening furnace The matte produced 
carryung copper, lead, antimony, and sulphur, is treated by concentration smelting 
The liquated or refined skimming or slag, now carrying 15 to 20 per cent antimony, 
some arsenic and copper, and about 1 oz of silver per ton, is usually removed as » 
liquid slag and goes to a blast furnace for producing hard lead, m which it is smelted 
with coke and metallic iron In order to keep dow n the loss of antimony by volatilisa- 
tion, galena is sometimes added to the blast furnace charge, its sulphur actmg as a 
reducing agent Only enougli is added for this purpose so that no matte is formed 
>The u«« of magties iim and potassiiim together is covered by V S patent 2133327 
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addition of galena dilutes the antimony in the resulting hard lead. The anti- 
al lead ordinarily produced and marketed from this operation contains 15 to 
2 r cent antimon 3 \ Antimony ore, either sulphide or oxide, may also be added 
e blast-furnace charge. The hard lead finally obtained is usually drossed with 



phiir in a kettle or liquated in a reverberatory furnace to remove copper that has 
'll reduced in the blast-furnace operation. Some speiss is formed in the blast- 
nace operation to remove arsenic contained in the reverberatory-fumace slag. 
KcHlc dross consists usually of lead oxide mixed with metallic lead; it is returned to 
softening furnaces. 
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Refining tkimmingi and drosses carry 8 to 10 per cent zmc, some antimony, and 
about 75 per cent lead Refining skimmings are sometimes charged into the softening 
furnace, after its dross has been removed, in order to assist in the oxidation of arsenic 
and antimony Their high zmc content makes them refractory, and they are usually 
treated m a blast furnace where the zinc is slagged 

Metallic zmc recovered from the retorting of silver crust contains silver and lead 
as impurities and is returned to the desilverizing kettle as part of the zine addition 
Retort dross is high in silver and zinc and is disposed of in one of two ways In 
large refineries, where the retort bullion with its floating dross is poured into an 
operating cupeling furnace from the pot that has received it from the retort, the silver 
la of course recovered with the silver of the retort bulhon In smaller plants, this 
retort dross is worked off a little at a tune m the regular cupeling, or m some cases it is 
charged back into the retorts itself Accumulations of this dross are sometimes 
worked off on the bath of lead, low in silver, with which a new cupel test or hearth 
of the cupeling furnace is usually charged, m order to prevent excessive absorption of 
silver Sometimes the retort dross is added to the softenmg furnace after the regular 
softener skim has been removed This permits the silver of the retort dross to 
be taken up by the lead m the softener and the impuntics to be oxidized mto the 
skimming 

Blue powder is a mixture of metallic zmc particles and zinc oxide, with about 5 oz 
of silver per ton, and is an awkward product for disposal, as it yields only some 60 
per cent of its zmc on distillation by itself At some plants it is returned to the 
retort w ith the next charge of zinc crust, at’other plants it is added with the first zmc 
to the desdvenzmg kettle, where such metallic zmc as it may yield helps to saturate 
the lead with zinc and to assist m the removal of gold and copper At other plants 
it is disposed of by sale to zmc smelters or to chemical plants as a source of zmc for 
lithopone manufacture 

Lttkarge produced as a slag at the cupel is quite impure and contains, m addition 
to a considerable amount of silver, copper antimony, arsenic, tellurium, selenium, and 
bismuth It 13 preferably treated m a reverberatory furnace but is sometimes sent 
to the lead blast furnace 

Retort ond cupel breakings are usually in large irregular pieces, containing con 
Biderable oxidized zinc and are quite refractory, however, thej usually contain a 
considerable amount of silver Because of their refractory nature they cannot be 
successfully smelted m the reverberatory and ate usually sent to the lead blast furnace 
Paikes Plant Layout — The flow sheet of a typical efficiently arranged refinery 
usmg the Parkes process with a small Pattinson division, built for a monthly capacity 
of 5000 tons of lead bullion is shown m Fig G6 

The Pattinson Process — This method of desilvcrizmg lead is based on the fact 
that when molten low grade silver bearing lead is cooled to its freezmg pomt, crystals 
of lead separate out that are much poorer m silver than the stiU hqind original had 
If these crystals are removed and the procedure repeated, always addmg fresh lead of 
the same silver content, the greater part of the ongmal bullion can be obtamed m 
the form of market lead low m silver, leaving the balance m the form of an ennehed 
lead ready for cupelJation By the repeated meltings and crystalhzations involved, 
many of the impurities will be oxidized and collected m drosses, and the market lead 
will be correspondingly purified A point will be reached eventually, bejond which 
the enrichment of the bquid lead cannot be carried The process stops automatically, 
in practice, when the silver content of the hquid lead reaches 450 to 500 oz of silver 
per ton, this material then goes to the cupels The gold follows the silver through 
the process 

Of the base metals commonly found in lead bullion antimony, nickel and bismuth 
are also concentrated m the hquid lead, arsenic m the crystals, copper, which has 




Fig. 67. — Parkes-Pattison plant, cross section, 
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not been removed m the softening furnace, or bj dressing, remains equallj distributed 
between the liquid and crjstal lead 

The process may be conducted in one of two standard sj’stems, the method “by 
thirds,” or the method bj eighths ” In the first and more common method, two. 
thirds of the metal in the kettle is ithdrawn in the form of crystals, one-third reroam- 
ing as liquid metal richer in silver In the second method, sd\ en-eighths of the metal 
13 taken out as crjstals, one-cighth remaining as liquid The distribution of siher 
in the crjstals and liquid in the two methods is illustrated in the examples below, 
which arc taken from practice, except that the assass are rounded figures 


Original Bullion— 100 Tons — 56 os pet Ton— 5600 oz Total* 


“Thirds” Method 

Br eight, tons 

*\ssay, Ag, oz per ton 

Total OZ Ag 

Crystals ' 

66 67 i 

S5 1 

2,333 3 

Liquid 

33 33 


3,333 3 

Total 1 


100 ^ 

5,666 6 

Original Bullion — 

100 Tons— 20 

oz per Ton — 2000 oz 


“Eighths” Method 

Weight, tons 

Assay, Ag, oz per ton 

Total oz Ag 

Crj slwls 

i 

87 5 

14 

1,225 0 

I iquid 

12 5 

60 

750 0 

Total 



1,976 0 

’ ficurfu from notea of 11 b LeMsoo Am 

S neltloE 4 IleRning Co 



The method bj eighths was applicable onlj to bullions low m silver With 
rich bullion the proportion of siU cr retained in the erj stals became prohibitivelj high, 
and the method bj thirds ivas more economical 

The original hand-labor Pattmson process was, until recently* m use in England 
and Germany Maehincrj has been introducid to reduce the labor of withdrawing 
crjstals and ladling out the liquid lead the two principal mechanical modifications 
of the original process being tht Luce-Hozan and the Tredinnick In both, the metal 
13 stirred by steam and the liquid drawn oH, Icavnng the crystals m the kettle 

The procedure of the original process, using the method by thirds, is as follows 
The kettles, tarj mg in number from 8 to 15 according to the richness of the bullion, 
are arrangetl m a row, the position of the charging pot, or kettle in which the work 
lead la first meU«l down, Narjmg m accordance nitb the proportion of silver in the 
lead The pots are numberetl mgenes, fronithemarkct lead end upw ard, the charging 
pot maj' be, m a senes of 12 pot«, anjwiherc between No G and No 10 

Tlic melted bullion in the charging pot h poled and dressed, and the fire withdrawn 
and transferred to the next pot, m the melting stage Crusts forming at tlw? sides 
of the pot are pushed down into the lead to be remclted, and the bath is contmuouslj 
stiiTwl m order to ensure uniform cooling throughout As crjstals form, tbcj are 
lifted, drained, and transforri'd, when dry, into a neighbormg pot, usuallj “down the 
house,” to the nglit Tins continues until tw o-thirds of the contents of the charging 
pot has biH n remoi wl, when the remaining one-third of still liquid lead is ladlwl into 
the adjoining pot, “up the house,” to the left If there is then on hand, from previoiH 
operations, lead equal m siKor contents with that in these two fight and left pots, 
r«*spectivcl)', an exaetlj similar operation is commenced with each of these simul 
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taneously. The charging pot thus becomes filled from the crystals of the kettle at 
its left arid the liquid lead of the kettle at its right. In this same manner the opera- 
tions are continued, the kettles '^down the house” decreasing in silver tenor and the 
kettles ‘‘up the house” increasing, until the silver content of the lead in the market 
kettle at the extreme right is 0.3 to 0.5 oz. per ton, and that of the liquid lead at the 
extreme left is at the maximum, about 500 oz. Before the whole plant can be in 
working order, a number of crystallizations must be performed in order to have on 
^ hand the necessary amounts of lead of different silver contents required to fill the 
several kettles. 

The Luce-Rozan Method. — In this modification of the Pattinson process, steam 
is used for stirring, and the apparatus and the arrangement of plant are of radically 



Fig. 68. — ^Luce-Rozan plant. 


different nature. The plant is shown in Figs. C8, 69, and 70, and consist of two melt- 
ing pans a, one crystallizing kettle h (Fig. 70), and two large conical molds, instead 
of the long line of some 12 kettles of the original Pattinson arrangement. The two 
cast-iron melting pans, used alternately, each holding 7 ton's of lead, can be raised by 
means of a steam crane, so as to pour their contents into the crystallizer, which holds 
20 tons. 

The mode of working is as follows: The bullion is melted down in one of the melting 
pans, dressed, and run into the prcmously heated crj^stallizing kettles by raising the 
back end of the pan. In the crystallizer it is stirred by steam at 45-lb. pressure, cooled 
by withdrawal of fire and by water sprays, and two-thirds of the contents become 
crystallized. The still liquid lead is then run into the conical molds from the cr\'s- 
tallizer, and the fire under the latter replaced and the crystals (13>^ tons) remclted. 
In the meantime, G}i tons more of lead, with the same silver content as that in the 
crystallizer, has been melted down in one of the pans, so that, as soon as the crystals 
have been rcmelted, it can be run in and a new operation begun. The other melting 
pan contains lead equal in silver content to the crystals that it is expected will be 
produced from the next operation, and this second pan is being melted down in readi- 
ness for the next following crj'staUization. 
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Eleven crystallizations are necessary to obtain market lead from lead bullion 
averaging 146 oz of silver per ton Six charges are run in 24 hr Two men per shift 
attend to the crystallization, all lead handling is done by a crane man and helper 
As in the band Pattmson process, a number of prelimmary crystalhzations — 66 at 
Pribram, Czechoslovakia — must take place to furnish the necessary mtermediary 
grades of lead for normal work 



Fig 69 — Lucc-Ilozan plant 


aaenoNONTHEUNEOH^ eEcrnOMONTHCUMJIf: 



Pic 70 — Luce-Roian plant 


Products of the process (from above bullion) are rich lead of about 262 oz of 
silver per ton, desilverized lead of about 0 43 oz per ton, dross, and flue dust The 
rich lead is cupeled, the desilverized lead u refined in a reverberatory furnace to remove 
arsenic and antimony and then molded into market bars, and the dross and dust are 
worked up with similar by products from other parts of the works Acunousbj prod 
uct sometimes encountered in the steam Pattmson process is a small incrustation of 
mmmm — red lead — ^which forms in the crystallizer, produced by the action of steam 
on the lead at a temperature just below redness 


LEAD 


215 


The Luce-Rozan method runs into greater plant cost and maintenance than the 
original Pattinson, but its advantages more than offset these items. Softening of 
the lead bullion is not so imperative; the cost of labor is only 30 per cent, and of fuel 
40 per cent, of the Pattinson cost; and only abo\it one-third of the amount of drosses 
obtained in the Pattinson cycle is produced in the Luce-Rozan. 

Other Pattinson Processes. — Several other variations of the Pattinson process 
have been developed and used to some extent. These do not introduce any new 
principles but differ in the equipment used and reduce the time required for the process 
very materially. These include the Tredinnick process and the Hall process. The 
Pattinson process is not used in the United States for desilverizing at the present time. 

Cupellation. — The rich leads from the Pattinson process, containing 250 to 600 oz. 
of silver per ton, and the retort bullion from the Parkes process, containing 2000 to 
5000 oz., are finally treated by cupellation for the separation of the precious metals. 
This process consists essentially of melting the rich lead in a reverberatory furnace 
and exposing it to a blast of air, by which the lead and the base metals are oxidized 
and slagged off in the form of litharge of varying degrees of purity, while the silver and 
gold, having scarcely any affinity for oxygen, remain behind in metallic state. The 
oxidation is accomplished mainly by the action ot the air blast and partly’- by the action 
of the molten litharge, which absorbs an excess of oxygen and gives it off to the under- 
lying impurities Cu, As, Te, and Se. The cupellation of gold-silver-lead and the 
parting of dor 6 bullion are discussed elsewhere in this volume. 
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TREATMENT OF ZINC CRUST AND ELECTROLYTIC SLIME 

PART I TREATMENT OP ZINC CREST PRODUCED PROAr 
DESILVERIZATION OP LEAD BULLION 
Bt T X) JovEs* 

Introduction — In this section tlie treatment of nnc crusts produced in the Parkes 
dcsilvenzing process will be described In the process of desUveriring the refineries, 
if conditions warrant, can carrj out n separate degolding operation, the crust being 
treated separately from the silver line crust ilowev er, in eencral, it is regular prac 
tice to remov e the gold and silv er in the regular dcsilv enzing crust, pa} mg particular 
attention to crust cnriehmcnt, bo that at the present tunc so-called Bilver iinc crust 
w ill assay 3000 to 8000 oz dor6 per ton and 30 per cent zinc The crust is then sub- 
jected to the distillation or retorting process for the recovery of zinc, which is retumwl 
to the desilv crizing process 

Retorting — TIic Faber du Faur tj pe retort furnace is univcrsallj used for retorting 
In former times the furnace was cubical in shape However, manj improvements 
have been made m construction so that at the present tiiuc the outside dimensions of 
the furnace are generally 3 ft 10 in in width and 4 ft in depth, the over all length 
being 6 ft The furnaces are well balanced tilting furnaces equipped with a suitable 
cast-iron shell which swings on trunnions Modern furnaces are well insulateil, the 
ast iron shell being lined with suitable insulating material, the inner lining bemg of 
9-m fire-clay or high alumina brick 

The arch of the furnace is so constructed that it follows closelv the contour of the 
retort crucible in place Everj effort has been exercised in the firebox construction 
to provide conditions that would produce the maximum temperature adjacent to the 
retort crucible w alls 

Retort furnaces are gcnerallj heated by gas or oil and are fired from the front or 
rear of the retort IMiile considerable controversj has existed over proper firing 
arrangements, experience has shovvTi that the position of the burners has relativel} no 
effect on the actual results obtamed The flue opening from the firing chamber is 
always on the same side as the burner^ and thia pmvuifia. far awCRyinj?, action of the 
hot gases m order to obtain maximum fuel efficiencj 

Formerly, the retort furnace flues discharged into a large mam brick flue and thence 
to a stack Most recent installations provide for indivudual stacks of steel construe 
tion into which excess cold air may be drawn for cooling purposes Usuallj, three 
individual stocks lead to a common header pipe, extending through the loof This 
type of construction provides ample wrorking space and excellent w orking conditions 
for the operators Today, with modern construction and ventilation, retorting 
becomes a very desirable operating job, w hereas in former times it w as most unat- 
tractive to the operators 

The retort crucible, or No 11 crucible, as termed by the manufacturer, is of 
standard shape and produced from select clays and Madagascar large-flake graphite 

> Traveling metallurgist American Smelt ng & Refining Co 
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Great progress has been made in details of retort construction, which, together wdth 
proper preheating facilities by the refineries, has increased retort life from 40 charges 
10 years ago to 70 charges at the present time. 

It is general practice to store retorts in hot drying chambers at the refineries and 
remove directly from the hot chambers to the retort stands as required. When 
setting the retort crucible, it is ahvayr good praotioe to provide a wow stool or plUar, 
as a defective stool will cause the retort to shift during operation and breakage will 
result. The crucibles arc usually set on the stools at an angle of inclination of 30 deg, 
from the horizontal. In this position, the crucible will have a capacity of 1300 to 
1400 lb. of sized Parkes silver-zinc crust and also provide maximum heating area. 
The neck of the bottle is supported b^^ brickwork, the top of the neck extending out 
\}i in. from the face of the brickwork. 

Considerable care must be used in starting retorts under fire. It is good practice 
to raise the temperature slowly, allowing approximately 8 hr. to reach maximum 
temperature. During this period, charcoal or other reducer must be placed inside 
the retort, in order to prevent excessive oxidation of the retort lining. It has been 
determined that the clay mix does not glaze over until a temperature of 1700°F. is 
reached, and unless a reducing agent is present during the heating-up period con- 
siderable life may be lost. 

Condensers are usually of cast-iron construction, supported by a condenser stand, 
hlodcrn construction provides for the condenser stand to be fastened to the furnace 
trunnion, and the stand swings in an arc and is held in place by a toggle hook. Suit- 
able high-velocity ventilators extend over the mouth of the retort, in order to remove 
any escaping fume. 

Once the retort has been charged and the condenser is in place, the minimum 
amount of fire clay or adobe for luting is used. Excessive use of adobe or fire clay 
causes the condenser to bum out. 

The proper operating temperature for retorting is approximately 1260°C., or 
Dislihation requires b to 8 hr., and during this period approximately 420 lb. 
of zinc is distilled and cast into 60-lb. slab bars. Blue powder, approximately 12 lb. 
per charge, is formed during the operation, and the blue powder can largely be con- 
trolled by producing high-grade silver-zinc crust. Inferior silver-zinc crust containing 
much fine material requires a longer time for distillation, unth subsequent increase 
in production of blue powder. The production of blue powder can be greatly reduced 
by adding flux with the silver-zinc crust charge. Still another practice to reduce the 
net blue powder produced is to screen the production, using totally enclosed shaker 
screens and returning the metallics directly to the retort charge, the end product, 
relatively low in doT6, being shipped to a zinc smelter for recovery of zinc. 

During distillation the condenser is of a cherry red color, and toward the end of 
distillation this color disappears and the condenser becomes dark in color, which 
indicates that the charge is nearly cooked. 

The fuel oil required per ton of silver-zinc skim ranges from 40 to 60 gal., and where 
gas is used, the equivalent amount of B.t.u. is required. One man Avill operate 
three retorts per shift and at times can handle four retorts. The zinc in the final 
retort metal will analyze IK to 2K per cent zinc. The retort metal assays 6000 to 
14,000 oz, dorc per ton, depending on prctrealmcnt of silvcr-zinc crust prior to 
retorting. 

Cupellation of Retort Bullion. — Considerable improvement has been made in 
cupcl-furnace constniction. While the old conventional type, comprising a removable 
test pan and stationary side walls and arch, is still in use, modern cupel construction 
consists of a sheet-steel shell resting on a tilting mechanism* The hearth, side walls, 
and arch are contained In the steel shell and are a complete unit. 



Bn 1 Bi-eh of firo-cJaj brick will have a life of C months The mapnMite or high 
alumina side walls and bottom will list 8 months with the aid of patching matcnsl 
which w common operating practice 
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Cupels in general are usually heated b5'’ oil or gas, the burners being located in the 
rear of the furnace directly opposite the charge door 

The new type cupels ha^e a novel flue arrangement, the off-take flue being con- 
structed of heavy sheet steel, built in sections which are adjustable. The off-take 
flue rests in position just over the charge door to the cupel, and sufficient extraneous 
air is drawn in with the hot cupel gases and fume to provide cooling, permitting the 
use of sheet-steel flues that have many advantages over the old-type brick flues. 

The cupels are fitted with water-cooled jackets that serve to hold the breast of 
the cupel. The only reason for using water is to protect the breast material that is 
cut down by the operator during the cupcluig cycle. A cupel is equipped with two 
or more tuyeres, extending into the furnace through separate ports on either side of 
the burner ports. Compressed air at a pressure of 16 to 20 oz. is admitted through the 
tuyeres in order to obtain rippling action on the surface of the bath. To obtain proper 
cupeling conditions, the tuyeres arc adjustable so that the air stream may bo directed 
in any desired maimer. 

Cupels vary in size according to the dord output of the respective refineries. At 
the present time, cupels are capable of producing 100,000 to 350,000 oz. of finished 
dord per charge, the latter ha^dng outside dimensions of 7 ft. 11 in. in vddth and 10 ft. 
2 in. in length, vdtli a bath depth of 14 in. ll^Tiere the larger cupels can be used, there 
is a considerable'advantage, as the dord output per day, per cupel, is greatly increased, 
thus resulting in lower costs. 

Under normal operating conditions, cupels are charged by adding cold bullion 
bars or hot charged from ladles containing hot retort bullion from the retorts. Bars 
or hot charges are added intermittently during the cupellation period until sufficient 
dord is present for a full dord charge. 

The impurities found in retort metal are, as a rule, zinc, arsenic, antimony, copper, 
bismuth, and tellurium — a typical analysis being as follows: 


Dor£ — 6000 TO 14,000 Oz. per Ton 


Impurity 

i 

1 Per cent 

[ Impurity 

1 

Per cent 

Zinc 

1.5- 2. 5 
0.4 

1.0 

1. 5- ^.0 

i Tellurium 

0.2 

0.25 

Balance 

Arsenic i 

Bismuth 1 

Antimony 

Lead 

Copper 1 



The process of cupellation has for its object the separation of silver and gold from 
lead and the above-mentioned impurities. The operation of a cupel consists of first 
filling a cupel approximately one-half full of retort metal, melting down, and approach- 
ing a temperature of 2100^^. The tuj^crcs arc opened, and the bath is thoroughly 
rabbled in order to incorporate the zinky retort dross with the litharge formed during 
the early stages of cupellation. The thought is thoroughly to demetallize and desil- 
verize the l^ea^y drossy material which is relatively high in zinc. 

The impurity zinc is readily oxidized, about 25 per cent going to the baghouse and 
75 per cent collecting in the litharge. As soon as the cover slag thins down to the 
point wliere it can be removed from the cupel, the furnace is tilted and the zinky 
litharge drawn off through the breast to suitable portable pots or pans. As a cupel 
cycle may consume as much as 3 days, it is understood that current production of 
retort metal is continuously added to the cupel bath or until such time as there is 
sufficient dor6 present for a full charge. During this cimrging period, litharge con- 
taining most of the zinc and a portion of the copper has been withdrawn from the 
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furnace, m order to make room for additional dorS material During this period, the 
arsenic and antimony content have also been removed, the greater portion being 
contained m the htharge 

The final stage of refining consists in removing lead copper, bismuth, and tellurium 
The copper is removed gradually, bemg continuously oxidized by the large amount of 
PbO that IS present During the latter stages of refining, the htharge is properI\ 
termed copper litharge as it may contam as much as 10 per cent copper, while so-called 
good htharge will contam approxiinately 1 to 1 5 per cent copper Bismuth con 
centrales in the dor6 until the last stages of refinmg, when it becomes oxidized and is 
removed with the litharge After the last htharge is removed, it is often necessary 
to add approximately five bars of refined lead to form additional htharge, m order to 
remove the last traces of impurities with the exception of tellurium Tellurium tends 
to remain with the silver and is removed by successive treatments with sodium nitrate 
after all the litharge is removed Fully refined dor6 w ill assay 995 parts per thousand 
gold plus silver the balance being largely copper The dor^ is cast mto anodes for 
the electrolytic parting process or plates for the sulphuric acid refining process 

In instances where the dor6 is shipped to distant parting plants, it is cast into bars, 
usmg molds similar to those used for refined silver bars 

One man per shift is required for the operation of each cupel, and the fuel varies 
directly -nith the size of the cupel The large cupels, having a capacity of 300,000 oz 
dor6 will require 270 gal of oil per day, the cycle on the larger cupels being 3}^ days 

PART II TREATMEJVT OF ELECTROLYTIC SLIMES 

By Donald M Liddell* 

Treatment of Copper Slime — The slime produced in the electrolytic refining 
of copper varies m both quantity and composition with the kmd and grade of anode 
metal refined Most of the refineries attempt to blend and refine the pig copper in 
the anode-castmg furnaces m order to secure anode metal assaying about 99 per cent 
copper The yield of slime from this grade of anode metal should average between 1 
and 2 per cent of the weight of anode dissolved T5q3ical examples of copper anode 
shme arc given m the following table 



1 

2 

3 

^ I 

^ I 

1 6 

7 

Ag, ounces per ton 

6220 4 

4680 5 

14,012 8 

9631 

5 

3600 

0 

927 90 

310 5 

Au, ounces per ton 

143 6 

; 64 6 

91 7 

96 

55 

' 800 

0 

402 75 

10 15 

Cu, per cent 

18 24 

28 09 

13 53 

4 

47 

40 

0 

69 03 

46 53 

"Ni, per cent 

1 63 

2 64 

0 54 

0 

27 



2 03 

23 13 

As, per cent 

0 32 

1 12 

1 2 16 

1 

97 



i D 15 

0 28 

Sb, per cent 

4 56 

3 54 

3 04 

7 

20 



0 15 

0 68 

Bi, per cent 

Trace 

None 

Trace 







Se, per cent 

18 05 

16 14 

4 27’ 

1 

15 

22 

0 

0 85 

6 60 

Te, per cent 

2 36 

2 21 

1 07 

0 

85^ 

3 

7 

1 60 

0 27 

Pb, per cent 

4 95 

1 93 

8 83 

25 

34' 



0 79 

1 53 

Zn, per cent 

Trace 

Trace i 








b, per cent 

3 31 

4 09 

5 31 

4 

99 



15 41 

1 68 

Fe, per cent 

0 41 

0 53 

0 38 

0 

25 



1 04 

0 41 

SiOj, per cent 

4 27 

6 35' 


0 

43 



0 41 

0 93 

Sn, per cent 

1 05 

0 23' 


0 

16 



0 09 

0 31 


* ThuMCtionuamajcv revtsiOQ of the cootribuDon by W C Sau th la the onpna) e<l t on. 
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Samples 1 to 4 'vs’ere composite samples of the slime from at least 10,000 ton^ 
of anodes. Sample 5 is in the main a oil me d^^rived from Noranda bullion. Sample 6 
was taken from a run made on low-silver, high-goid anodes: T was taken from 

a run on high-nickel anodes. 

Slimes-trcatment processes,^ to be successful, must fulfil several requirements which 
may be listed as follows: minimum metal loss; prompt delivery of the bulk of the gold 
and silver; delivery of the by-products in a recoverable form; economy of operation; 
and the introduction of no chemicals to the process which may have an injurious effect 
on the refining of copper if they later enter the electrolytic circuit. 

In the early days of electrolytic refining, the slime was screened to remove metallic 
copper, washed to free it of soluble copper salts, filtered to remove excess water, and 
cupeled with lead in a cupel furnace. The lead loss was heavy, and tlie litharge was 
fouled with copper. It was discovered that much better results were obtained in the 
furnace work with a slime from which the copper had been removed. 

Copper Removal. — The first method employed for the removal of the copper 
from screened raw slime was to boil the slime with dilute sulphuric acid to wliich 
sodium nitrate was added in small doses. The boiling operations were conducted 
in lead-lined tanks equipped with paddle or air agitators; the slime was run into 
the tank, and enough sulphuric acid was added to make a 5C per cent sulphuric acid 
solution ; the mixture was then heated with steam to the boiling point, and the sodium 
nitrate was added a few pounds at a time. Heavy fumes of poisonous nitrous gases 
were given off, and if the sodium nitrate was added in too large doses, the charge 
would foam over the top of the boiling tank. It often required 48 to 72 hr. to reduce 
the copper in the treated slime to 2 to 3 per cent. The lead tank lining was rapidlj^ 
attacked and needed frequent repairs. The copper solution from the slime leaching 
was settled to remove the last traces of suspended slime and added to the tank-house 
electrolyte. So long as the electrolyte purification system withdrew a large volume 
of solution for the manufflcture of copper sulphate, no trouble from sodium compounds 
in the electrolyte was experienced, but with the decreased market for copper sulphate 
and the C 3 'clic purification methods later developed for electrol^d-e treatment, the 
sodium salts accumulated in the electrol 3 ’'tc and caused trouble. 

The raw slime was also treated for the removal of copper bj" boiling with 50 per 
cent sulphuric acid to which manganese dioxide was added in small quantities at a 
time, until the copper had been oxidized and dissolved. The addition of an excessive 
amount of the manganese dioxide at one time would cause the charge to foam over the 
top of the boiling tank. The copper solution from the boiling of the slime contained 
manganese sulphate, and this solution could not be added to the regular electrolyte 
as the manganese salt caused trouble in the elcctro^Tic cells. The solution was, 
therefore, sent to the copper-sulphate plant and was used for the production of blue- 
stone. The manganese salts eventuallj’' went to waste in the spent liquors from the 
iron cementation tanks in which the last of the copper was precipitated from the 
motlier liquors. These methods have been superseded bj^ one of the several forms of 
cither oxidizing roast or sulphatizing roast, followed bj" leaching with dilute sul- 
phuric acid or water. 

Oxidizing Roast. — When screened raw slime is subjected to an oxidizing roast, 
most of the copper is rendered soluble in dilute sulphuric acid.* This is due to the 
conversion of the copper and cuprous oxide into cupric oxide. The greater part of 
the copper in some slimes is rendered soluble at as low a temperature as 140'^C. How- 
ever, a temperature of 400 to 500°C. is required with most of them to render 95 per 

' Addicks, Copper TlefiidnK/* i>. 107. 

s However, it seeina proferable to use the sulphatizing roast rather than a plain oxidation, as this n\s0 
flirninntes murh of the selenium. 
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cent of tlic copper soluble Roasting at tUe higher temperaturea usually also renders 
some of the silver and selenium acid soluble The details of roasting experiments on 
shines 6 and 7 of the table on page 220 arc as follows 


Sample 

Roast, 6 hr 
at, “C 

Per cent 
acid soluble Cu 

1 

Soluble Ag 

Soluble Se 

Slime 6 

' 140 

' 12 34 

No 

No 


250 

71 96 

No 

No 


400 

91 96 

No 

No 


500 

96 53 

Ties 

No 


200 

31 16 6 73 ^l 

No 

No 

Sliaie 7 1 

300 

67 90 10 57 Ni 

No 

No 


400 

91 58 38 62 Ni 

Yes 

No 


550 

99 30 11 53 l\i 

Yes 

Yea 


Sulphatizing Roast —Over 30 j ears ago, Dr Edward Reller found that if shines 
were roasted with sulphuric acid practically all the copper nas converted to copper 
sulphate It was his opmion that if stoichiometric proportions of acid were employed 
for combination with the copper optimum leaulta w ere obtained It appears, how- 
ever, to be the opinion today that the best results follow with the acid m excess 
Probably the treatment of slime at Ontario East as given by C W Clark and A R 
Heimrod^ and C W Clark and J H Schloen* represents the most modern practice 
that haa been deaenbed 

Tlie origmal slime carries 40 per cent Du, 3600 oz Ag per ton, 800 oz Au per ton, 
22 per cent Se, and 3 7 per cent Te These slimes after filtering are dried at 250 to 
SOO'E to about 10 per cent HjO At this moisture there is very htlle dusting They 
are then mixed with 75 per cent of 60® sulphuric acid and roasted at 700 to SOO'E 
in a Herreshoff furnace Acid is also sprayed mto the roaster durmg this process so 
that a total acid consumption of 2 2 to 2 5 tb of acid is used for each pound of copper 
present 

Over 95 per cent of the copper is rendered soluble by this means and the use of this 
excess of acid causes the volatilization of 80 to 95 per cent of the seiemum present which 
13 caught m the fume-collecting system attached to the roasting furnace The col 
lected fume furnishes the basis for the plant's selenium recovery The slime after 
leaching with the copper carries about 4 per cent Cu, 11,700 oz Ag per ton, 26 oz 
Au per ton, 15 per cent Se, 11 per cent Te If the copper-sulphate solution shows 
silver, it is precipitated with a little copper scale The solution after removal of sdi er 
is electrolyzed to produce copper and sulphuric acid, the acid being used m the treat 
ment of future slime 

After removal of the copper, the slimes are leached with caustic-soda solution 
which removes the tellunura bj n ashing as sodium tellurite, which is used as a source 
of tellurium The filtered and washed slimes contam about 4 per cent Cu 12 000 o* 
Ag per ton, 2700 oz Au per ton, 14 per cent Se, 1 5 per cent Te 

These slimes are smelted with soda and fine silica in a dor6 reverberatory furnace 
with magnesite lining The first slag contains most of the lead, arsenic, antimony , 
and iron and goes back to the anode furnace The charge is then blown with air with 
fused soda ash for flux to ehmmate the tellunum This second slag is leached mth 
the causiie liquor tinm the slimes treatment, whwAi takes out the selenmm and. tel- 
lurium, the leached stag going to the anode furnace 
• Tran* Elettrixhm Si>e Vol 61 1932 
*A I iTB Tfh Paper 082 ClaM V 57 1038 
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The dor 6 in the furnace is given a final refining with niter to remove the copper, 
this slag going back also to the anode furnace. 

Furnace Refining of the Treated Slime. — The first refineries treated the boiled 
and leached slime with lead in cupel furnaces, and this method is used today at those 
plants which refine both lead and copper. One method for charging the slime to the 
cupel furnace consisted in packing the slime in small paper bags which held 15 to 
25 lb. of slime and in charging the bags of slime onto the surface of the molten lead 
in the furnace. This method probably caused a heavy dusting loss. A better 
method consists in mixing the slime with litharge and a little fine coal and smelting 
the mixture in a small basic-lined reverberatory furnace to a slag and metal. The 
metal is cast in the form of bars and is fed to the cupel as needed; the slag is smelted 
in the lead blast furnace. Most of the copper refineries are not operated in con- 
junction w’ith a lead refinery; hence other methods of treatment were developed. 

The melting of treated slime in a basic-lined reverberatory furnace yields a lead- 
antimony slag, called tapped or sharp slag, and a metal that consists of Ag, Au, Se, 
Te, some Cu, and other metals. If the slime carries considerable selenium or tel- 
lurium, a third product, a matte or speiss, in which selenium and tellurium take the 
place of sulphur, may be formed. This matte or speiss is a most troublesome material 
to handle and may carry as much as 50 per cent silver. Several methods arc used 
either to prevent the formation of this matte, or to decompose it after it has been 
formed. 

Fluxing the Slime. — The treated slime is often mixed with fluxes before charging 
to the melting furnace. The fluxes used are silica, lime, soda ash, salt cake, niter 
cake, caustic soda, or a mixture of several of these. The thin slag that is formed 
is tapped from the furnace, and the metal is oxidized by forcing compressed air under 
the surface of the metai tlirough iron pipes. A second slag is formed, which is skimmed 
off, and the metal is refined to dor 6 with air and niter, or niter and soda ash. When 
slimes carrying excessive amounts of copper, selenium, and tellurium are being fur- 
naced, a matte will separate from the metal during the refining process; this matte 
retards the refining operations and is best handled by tapping off, crushing to 10 mesh, 
roasting and leaching with sulphuric acid for the removal of the copper before return- 
ing to the melting furnace. 

The following data^ show the composition of the matte at different stages during 
an attempt to oxidize it in the melting furnace by means of air, niter, and soda ash. 
Samples w'ere taken cver^^ 4 hr. over a period of 28 hr. 


Sample No. 

1 Au, ounces 
per ton 

; Ag, ounces 
per ton 

Cu, 

per cent 

1 

Se, 

^ per cent 

Te, 

per cent 

1 

139.15 

1 

13,751.8 

20.67 

22.83 

0.50 

2 1 

105 .55 

14,336.0 

22.88 

20 .80 1 

1.20 

3 

67.42 

14,139.3 j 

25.33 

19.34 

1.35 

4 ' 

25.70 ! 

12,016.0 ' 

33.07 

15.25 

1.52 

5 

18.15 ' 

9,085.1 

33.81 

12.05 

2.48 

6 

10.20 

8,707.9 

31.83 

7.67 1 

2.44 

7 

6.85 

8,102.5 

47.32 

0.62 i 

1.20 

8 

5.10 

7,664.9 

49.40 

0.15 

0.07 


* Pereonal noloa of tV. C. Smith. 
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These shmes bad been given an oxidizing roast only, and the difficulty of ehmmat* 
jng the selenium shoiv s the advisability of the sulphatizing roast 

At one plant, the treated slime is melted w ithout flux to a sharp slag and a matte or 
'peiss and metal m one furnace, the slag is tapped off, and the metal and speiss are 
transferred to a second furnace m which the mixture is refined to dorc with air, caustic 
soda, and niter 

The sharp slag from the slime*mcUing furnace usually carries 0 5 to 4 ot pet ton 
of gold, 125 to 600 oz per ton of silver, with varying amounts of copper, lead, and 
antimonj' A typical slag ^vlIl assay about as follows 



The sharp slag is sold to the lead smelter for the gold, silver, and lead contained in 
it, 13 smelted to copper matte m the ore-smeltmg furnaces and the matte blown to 
blister copper m. converters , charged to the anode furnaces, or smelted to black copper 
in the copper blast furnace The last two methods are the least desirable, smee the 
sharp slag contains many impurities which go mto the anode or the black copper and 
arc circulated through the process A partial elimination of these impurities is made 
in both the matte smelting and converting operations, hence this method of treat- 
ment gives a better elimination of the impurities, but, unfortunately, many of the 
refineries do not smelt sulphide ores 

Sharp slags, which contain high silver values, and the second slags, produced during 
the refinmg stage, are generally re-treated m the slime-meltmg furnaces either with 
slime or m separate campaigns, and eventually report as sharp slag 

The soda-niter slags are either charged to the shme-melting furnaces with shme, 
r are first crushed and leached for the removal of the selenium and tellurium con- 
tamed m the shme, and the leached residue is returned to the shme furnace 

Shme Furnaces — Small oil-fired reverbetatoiy furnaces hned with magnesite 
or chrome brick are used for the melting of the shme The charge is introduced 
at intervals, and each batch is melted down before the next charge is made Sharp 
slag 13 often tapped from the furnace several times before the furnace is fully charged 
It 13 customary to add a small amount of coal to the slag, to 1 hr before the slag 'S 
tapped, m order to secure a cleaner slag The shme may be charged to the furnace 
through the regular working door by shoveling, or by droppmg from hoppers through 
charge holes m the furnace roof The life of a furnace bottom is 6 to 12 months, the 
side walla and roof require patching about every 30 to 60 days 

Metal absorption of a furnace is almost directly proportional to the volume of the 
brickwork below the Jnttal line of the furnace, hence, in order to reduce the interest 
on the metals tied up m furnace Immgs, the furnace should be of such design as to 
ba\e the maximum capacity with the minimum of lining consistent with good fuel 
consumption and furnace life A thmlj lined eyliodiical tilting furnace has been, 
developed Two small furnaces of this construction replaced one furnace of the 
stationary type, each furnace melts and refines a charge of 6 to 8 tons of shme in 48 
to CO hr , while the larger furnace requires 90 to 120 hr to treat 12 to 15 tons of shme 
The two small furnaces absorb less metal than the smgle larger furnace and also make 
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an interest saving of 5 to 6 days on the metals in process. This saving is made by the 
reduced time the slime is waiting for furnace treatment, the reduced time the metal 
is in the furnace, and the reduced time the dor6 is awaiting parting because of the 
delivery of very large batches to the parting plant necessary with the large furnace. 

Metal Losses, — ^The gases from the slime-roasting, -melting, and -refining fur- 
naces contain Ag, Au, As, Sb, Se, and Te; hence some method for the recovery of 
the values from the furnace gases is necessary. The losses are due to both volatil- 
ization and mechanical dusting of the charge. As much as 1.25 per cent of the 
silver in the slime treated has been recovered from the furnace gases. The earlier 
plants used settling chambers and water scrubbers, but these were never satisfactory. 
Baghouses could not be used because the acid in the gases rapidly destroyed the bags. 
Cottrell precipitators are used for this work with good results. The treaters may 
handle the gases either hot, or wet and cold. The hot treater can be made of steel, 
but the wet treater must be constructed of lead or other acidproof material. The 
wet treaters are more expensive to build than the hot treaters, but haA^e found the 
most favor. 

There seems to be no question that silver refineries should be equipped with both 
scrubbers and Cottrell precipitators. The very modern plant at Ontario East has 
a brick flue followed by a steel flue in which the gases cool to about 400°F. and from 
which they enter three tower scrubbers that are fitted vdth sprays and rain plates. 
About 90 per cent of the material that passes the flues is recovered in these scrubbers. 
The gases leave the scrubbers at about 125°F. and go to Cottrell tube precipitators 
12 ft. long. A constant watch is kept on the effluent gases from the Cottrell, but the 
loss is said to be less than S2 a da 3 ^ Both the scrubber system and the Cottrell use 
antimonial lead to resist the highly corrosive gases. The scrubber solution goes to 
the selenium precipitating plant, while the scrubber mud goes back to the slimes- 
voasting furnace. 

Recovery of By-products. — The by-products of greatest commercial importance in 
copper slime are selenium, platinum, and palladium. The platinum and palladium 
remain with the gold and silver, are delivered to the parting plant in the dord, and are 
recovered during the refining of the gold. Reference should be made to the separate 
chapters covering these metals. 

Wet Methods for Slime Treatment. — Much thought and money have been 
expended in trying to develop wet methods for the treatment of slime, and several 
promising schemes have been given large-scale tests, but no such methods are in use 
at the present time. The wet treatment of the slime for the removal of the copper, 
followed by furnace refining to dor6 and the parting of the dord, is far from perfect, 
but yields better results than any wet process known. The methods used for the 
treatment of the lead slime produced by the Betts process of lead refining are given on 
page 378, Electrolytic Refining of Lead, and pages 141 to 142, Bismuth. 

Treatment of Electrolytic Tin Slime. — The American Smelting & Refining Co., 
at the Perth Amboy, K. J., plant, at one time operated an electrol>i;ic tin refinery. 
Very little information relative to the process has been given out. It is known 
that the impure tin treated carries lead, bismuth, and silver as the chief impurities. 
The slime is said to have carried Sn, 30; Pb, 20; Bi, 20; Cu, 5; As, 3; Sb, 5; and it is 
said over half the lead was present as sulphate. No details of its treatment were given 
out, nor has the author ever been able to ascertain the precious-metal content. If 
the slime were to be charged to the cupel furnaces the tin would be lost. 

OTHER SILVER- AND GOLD-BEARING MATERIALS 

Treatment of Cyanide Bullion. — The silver bullion produced by the cyanide 
t»*eattuont of silver and silver-gold ores is often refined and parted at the large refineries 
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on a custom basis The bullion is weighed and sampled, either bj drill Bampling or 
by melting and dip sampbng, charged to the cupel furnaces or the slime refining 
furnaces, and refined to a suitable dor4 for parting 

The cj anide preapitates at Pachuca, Mexico, arc first treated with dilute sulphuric 
acid to remove as much zinc as possible are then melted in a basiC-lined reverberatory 
furnace and are refined with air to a very high grade dor4 for electrolytic partmg 
Low-grade cyanide precipitates are treated at some of the lead refineries by mixing 
with litharge and a small percentage of coal, and smelting to a rich lead, which is then 
treated m the cupel furnaces 

Sulphide precipitates are handled in tlie same manner, except that no coal is 
used in the mixture, the sulphur in the precipitates reduces sufficient litharge to metal 
lie lead to collect the values The litharge slags from this furnace are re-treated m the 
lead blast furnace 

Jewelry Sweeps and Other Industrial Wastes — These materials are usually in a 
very finely divided state when received and are sampled and graded into two classes 
accordmg to the assay value High grade material is often charged directly to the 
cupel or slime furnace in order to get the bulk of the precious metals on the market 
as soon as possible The low grade materials are sintered, bnquetted, or nodultzed 
with other fine material and smelted m either lead or copper blast furnaces The 
lead bullion or copper matte, or both, serve as the collector lor the precious metals, 
and these products are treated for the precious metals they contam The rich lead 
IS either desilverized by the Parkes process or, if sufficiently rich, is sent to the cupels 
directlj The copper matte is blon n to blister copper m converters and refined ele*,- 
trolj tically , or the converter copper is shotted by pouring in a thin stream into water, 
the shot copper is dissolved m sliot towers or oxidizers by sulpliunc acid, the copper 
13 crystallized as blue stone and the insoluble residue from the shot copper is treated 
in the cupel or slime furnace for the values contained in the copper 

A general rule not alw ays observed in the treatment of very rich material is that it 
13 often wise to make chemical perfection subservient to saving interest charges on the 
metals tied up in the process 
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THE METALLURGY OF COPPER 

By Francis R. Pynei 

The ores of copper may be classified under three main groups: native copper 
ores, oxide ores, sulphide ores. Native copper ores occur principally in the north- 
ern part of Michigan, and in three main forms: vein deposits, in which the copper- 
occurs at times in enormous masses; amygdaloidal diabase, through which copper 
is disseminated; conglomerate, in which the cementing material consists, to a degree, 
of metallic copper. Native copper also occurs in China to a small extent. In Chile 
it occurs as copper barilla, in which the fine metallic particles are disseminated 
throughout sandstone. 

The principal oxide ores are malachite, CuC03.Cu(0H)2; azurite, 2CuC03.(Cu- 
OH)?; cuprite, CU2O; atacamite, CuCh; and brochantite, CuS04.3Cu(0H)2. The 
oxide ores form much of the bulk of the South American and African copper supply. 
The principal sulphide ores are chalcocite, CU2S; chalcopyrite, Cu2SFe2S3; covellite, 
CuS; bornite, 3Cu2SFe2S3; and to these should be added copper-bearing pyrite, 
FeSs. 

The sulphide ores, however, furnish the bulk of the copper supply of the world, 
though the oxide ores are of importance. The advent of the flotation process of 
concentration followed by the development of selective flotation has virtually elimi- 
nated the direct smelting of ores and has substituted, therefor, the high-grade con- 
centrate resulting from the practice of flotation concentration prior to smelting. 

Smelting of Sulphide Ores. — ^In the smelting of sulphide ores, which may be 
considered as mixtures of copper and iron sulphides accompanied by siliceous or 
basic gangue, advantage is taken of the strong affinity of copper for sulphur and its 
weak affinity for oxygen, in comparison with the other bases in the ore. The object 
of smelting is to cause by fusion the conversion of the gangue into as valueless a 
slag as possible by the addition of proper fluxes, and at the same time to concentrate 
the copper and other valuable constituents of the ore into a small amount of high- 
grade material for further treatment. 

IVo important materials are formed during the smelting of copper-sulphide ores: 

(1) the slag produced by the combination of the gangue of the ore and the added flux; 

(2) the matte which is the product of the fusion of the metallic sulphides. Of these 
two products, the slag receives the first consideration of the metallurgist, because the 
sulphides melt readily under almost any circumstances, but unless the slag-forming 
constituents are properly proportioned serious difficulties will result. 

A satisfactory slag must possess the following qualifications: (1) It must be as 
economical as possible, and to lliis end the other qualifications arc subordinated, 
as a scientifically perfect slag may in the end be so expensive that any margin of profit 
is wiped out in its cost. (2) It must be sufficiently liquid to flow freely, but should not 
require an excessive amount of fuel to produce this condition. (3) The specific 
gravity should bo sufficiently below that of the matte to permit the latter to separate 
thoroughly from it. 

cTiRineer, Elizabeth, N.J, 
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The type of sfag to be made depends, of course, on the slag-formmg constituents 
a%ailable, and on the following general properties of the silicates 

Euhi^xcaies — hile these slags are very fluid, they liave a high formation tempera 
turo, and the specific gravitj is so high as to make clean settling difficult, thus cau«mg 
high metal losses In addition, they are very corrosive and destructive to furnace 
and settler linings Their formula is (FeO) » SiOj 

MoMsthcates — These are quite fluid, but have a high formation temperature 
and are of sufflcientlj high specific gravity to make clean settling diflicult Basic 
silicates have a high dissolving power for metallic sulphides and thus tend to mcrease 
the metal loss m the slag 

Sesqutsilicates — These are mixtures of monosdicates and bisilicates, and are gener- 
ally employed in smelting operations Thej are sufficiently fluid to flow freely, the 
formation temperature is not excessive, and the specific gravity is sufliciently low to 
permit of clean settling with a consequent reduction of the metal loss 

BxsiUcates — These slags have a low cr formation temperature, and the specific 
gravity is low But they are more or less thick and viscous unless a high working 
temperature is earned m the furnace, so that the slag flows freelj Consequently, 
they require more fuel and thus are more expensive When used they are, however 
verj clean slags Their formula is FeO SiOj 

Tnsjltcafes — These are seldom met with in any metallurgical practice as they 
require a very high temperature for their formation, and, as they are extremely viscous, 
require an excessive amount of fuel in order that they may flow properly 

As silicates w ith two or more bases are cbaractenxed by increased fusibility and 
flmditj , up to 1 certain point, it frequently becomes advantageous to have a small per- 
centage of lime present Frequently, on account of a shortage of iron, it becomes 
necessary to replace it with lime to a considerable extent, and this generally adds to 
the cost of the slag 

The amount of matte formed is dependent on the amount of available sulphur 
m the ore Bj available sulphur is meant that sulphur that is present when the 
temperature of the furnace is such that chemical activity commences between the 
copper, iron., and sulphur 

When the raw sulphides are subjected to heating in a neutral atmosphere, anv 
sulphur in combination with copper m excess of the compound CuiS will be expelled, 
and the product of fusion will be Cu iS, which may be said to be the stable compound of 
copper and sulphur Similarly with the iron sulphides, anj sulphur in combination 
with iron in excess of the compound FeS will be expelled, and a fusion will result m 
the formation of this compound Should, however, the heating he carried to a pomt 
somewhere between 1200 and 1500°C , a further amount of the sulphur is volatilized 
and an equivalent amount of metallic iron is set free, giving a compound that maybe 
written FeFcS, which is of great importance in pyntic smeltmg 

From the above it is seen that chalcopyrite, CujSFejSj, will lose about one-quarter 
of its sulphur by heat alone, covelhtc, CuS, wull lose half of its sulphur bornite, 3Cur 
SFejSj, will lose one-sixth of its sulphur, and pyritc, FeS», half its sulphur For 
all practical purposes, matte mav be considered to be a mixture of CujS and FeS in 
varying proportions It is also an excellent collector of gold, silver, and the other 
precious metals 

An ore high m sulphur and iron, but low in copper, will, upon fusion, produce a 
matte containing bo low a percentage of copper that ita subsequent treatment would, 
under ordinary circumstances, co<!t too much, and as it is the object of the metallurgist 
to concentrate the copper m 1 is products up to the most economical pomt, steps roust 
be taken to reduce the amount of sulphur available for the formation of matte and 
lower the amount of the latter produced per ton of ore smelted 
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Such reduction may be accomplished in two ways, by an oxidizing roasting, or by 
subjecting the ore to an oxidizing fusion. When the ore occurs as massive sulphides, 
the latter method is frequently used where conditions make it economical; when the 
ores are not massive, the oxidizing roast is the predominating method. 

Roasting is the heating to an elevated temperature, without fusion, or at least 
only with incipient fusion, of ores or metallic compounds in contact udth oxidizing 
materials, in order to produce a chemical change or to eliminate a component by 
volatilization. In copper metallurgy, the oxidizing material is the oxygen of the air, 
and the object is the partial elimination of the sulphur in the ore. 

When a metallic sulphide is heated to a sufficiently high temperature with access 
of air, sulphur dioxide is formed together with a metallic oxide. 

2MS + 3 O 2 == 2MO + 2 SO 2 

Proper oxidation requires a temperature sufficiently high to produce the necessary 
affinity between the oxygen and the sulphur, but it must not be so high as to cause the 
surface of the ore particles to melt and form a protecting layer which retards the 
oxidizing action and may even cause it to cease. This temperature may be obtained 
by the combustion of extraneous fuel or by the heat of oxidation of the constituents 
of the charge. 

A second requirement for proper oxidation is a constant and abundant supply of 
air in immediate contact with the surface to be oxidized. The necessity for an abund- 
ant supply is due to the fact that the oxidizing power of the air is lowered out of all 
proportion when diluted by the products of oxidation. In other words, if the air 
for oxidation is diluted with its own volume of gaseous products, the oxidizing effect 
of the resulting mixture will be much less than half the oxidizing power of pure air. 
The more rapidlj’’ the gaseous products are removed and replaced by pure air, 'there- 
fore, the more rapid will be the roast. 

The speed and the thoroughness of the roast are also governed by the size of the 
particles in the roaster. It is obvious that the finer the ore is crushed, the greater 
will be the surface exposed to the oxidizing influences. However, as fine material 
always results in losses through handling, flue-dust losses, etc., it will be seen that there 
is an economical point where the increased speed of roasting will be offset by the 
losses in material, the recovery of which necessitates expensive installations. The 
usual charge to a roaster consists of a mixture of relatively coarse and fine particles, 
and the roast is carried to a point where the overroasting of the fine particles balances 
the underroastLng of the coarse particles, so that the final mixture from the roaster 
gives the desired sulphur content. The various t^q^es of apparatus used in roasting 
copper ores m&y be roughly classified as follows: heaps, stalls, cylindrical furnaces 
with superimposed hearths, blast-roasting apparatus. These methods will be found 
described at length in Chap. X of the first volume, “Principles and Processes.'^ 

Types of Smelting Furnaces. — Flotation concentrates constitute the major 
portion of the modern smelter^s intake. Such concentrates consist of finely divided 
particles and range from 20 per cent copper upward to 30 or even 35 per cent. As a 
consequence, the blast furnace has become relatively obsolete, being almost uni- 
versally supplanted by the reverberatory furnace. 

The blast furnace is used mainly for the treatment of coarse ores over 1 in. in 
diameter, though in many cases much finer ore than this is treated successfully; 
however, the development of the modern reverberatory has progressed to the point 
where it has often been found to be more economical to crush the coarser ore to 
34 in. and treat in the reverberatory rather than in the blast furnace. 

The early iypos of blastfurnace were constructed of brick, and the molten products 
were collected in a crucible located at the lowest point of the furnace. This type of 
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furnace had two great disadvantages in addition to its small capacity These were 
the destruction of the shaft at the smelting zone, and the impossibility of makmg a 
clean separation between the slag and the matte 

The first of these difficulties was overcome by the adoption of the water jacket, 
which not only ehmmated the corrosion, but also permitted a higher temperature to 
be carried, resulting in a more fluid slag The second difficulty was solved by the 
use of the external settler, which not only gave an efficient separation between the 
slag and matte, but also allowed the speed of the furnace to be greatly increased 
The modern blast furnace consists essentially of a long, narrow, water jacketed 
shaft The dimensions, particularly the length vary considerably, being proper 
tjoned to the capacity of the furnace The size of furnaces is expressed in terms of the 
dimensions at the tuyere level The width, being limited by the ability of the blast to 
penetrate the charge, is generally 44 to 48 in , though some furnaces are as narrow 
as 30 in , and others as wide as 56 m As the width is practically fixed within 
narrow lunits, the only manner m w hich capacity may be obtamed is by increasing 
the length, and present-day furnaces have lengths of 180 in to as much as 1044 in , 
m the case of the huge Anaconda furnaces The capacity of blast furnaces depends 
greatly upon local conditions but may be said to vary from 4 5 to 9 0 tons per sq 
ft of hearth area per day The bottom plate of the furnace is generally a heavy 
ribbed cast-iron plate, supported by jackscrews Upon this is laid a layer of fire- 
brick, though special circumstances may require the use of sihca or chrome hnck 
Resting on the bottom plate are heavy cast iron plates bolted together, forming the 
walls of the crucible These are generally heavily ribbed to ensure the necessary 
strength and are lined with the same material as is used on the bottom In some 
instances, the walls of the crucible are formed by a set of water jackets, but the usual 
practice is to have the lower tier of water jackets rest directly upon the bottom 
plate, the lower ends bemg below the level of the matte and slag to prevent their 
bummg through in case sediment collects in the water space 

When the blast furnace is started, the radiation from the bottom and through 
the water jackets forms a crust of chilled material which remains permanently This 
crust adjusts itself to the operations of the furnace If it wears down, the increased 
radiation soon restores it to the proper thickness, while if the furnace cools down the 
radiation is decreased, the bottom builds up, but when the furnace is once more at 
proper heat, the additional thickness is soon melted oS 

The water jackets are generally in two tiers The lower jackets rest either on 
the crucible plates, or, as has been stated, directly on the bottom plate The upper 
tiers are suspended from I beams which carry the furnace superstructure The upper 
jackets rest on the top of the low er jackets The low cr side jackets are given a slope 
toward each other to form a bosh, the upper and end jackets bemg vertical The 
amount of bosh depends on the amount of reducing action desired, as the greater 
the amount oT “bosh, the greater will he the reducuig action Tlie water jackets are 
constructed of flanged steel plate, the inner side bemg Ks to in thick, the outer 
Bide being somewhat thinner, H t® 5"! 6 lu The water space between the sides of the 
jacket varies from 3 to 5 in The jackets are stiffened by means of angle iron run 
ning vertically m the w atcr space Each jacket has its individual feed and discharge 
pipes for the cooling water, and where water is plentiful each jacket may be on a 
separate circulation, but where water is scarce the outlet of the lower jackets maj be 
fed to the upper jackets 

The lower side jackets arc pierced for the tuj 6re openings, there bemg usuallj three 
tuj dres to each jacket Tfie opening is usually 4 to 6 in , and a steel thimble hanng a 
slight taper » welded to the inner plate and riveted to the outer plate The tuyere 
pipes are generally of east iron, and arc bolted securely against the jackets, any leak- 
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j«ge being prercntcd bj asbestos packing There is usually a cap on the outer end of 
each tujftro pipe, which is readih removable to permit of punching the tuvfres when 
neccasarj 

The tujfre pipes arc connected bj short branches to the mam bustle pipe which 
carries the mam air supply t the amount of blast to each tuj dre bemg regulated b> 
means of a a ah c Tlic volume of air required by the furnace \ aries w idelv , published 
figures bemg 100 to 400 cu ft per mm per sq ft of hearth area at a pressure of 
32 to 40 or It is probable that the v anation in these figures is due to their being 
derived bj taking the revolutions per minute of the blowers or the piston displace 
ment, neither of which is accurate owing to the great amount of leakage 

Tlic breast jacket is located either m the side or the end of the furnace the location 
being largelj determmed bj the available floor space and the general arrangement of 
the plant It contains the opening for the removal of the molten products of the 
(uniace and is securelj attached to the adjommg jackets The slag spout convejing 
the slag and matte from the furnace to the settler is fastened to the breast jacket m 
such a manner as to permit of its readj removal when required with mmunum delay 
to the furnace operations The spout may be constructed of WTOUght iron steel, 
copper, or bronre and is w ater-coolcd The blast is trapped by having the discharge 
end of the spout about 18 m above the opening in the breast jacket, so that as the 
molten material from the furnace rises in the spout there is sufficient head to over- 
come the pressure of the blast ITie shape of the slag spout depends upon the faneie^ 
of the designer of the furnace there bemg manj different designs m u<e all of which 
appear to be giving satisfaction 

The jackets generally carrj the shaft of the furnace to the level of the charging 
floor, though in some mstanccs they arc surmounted by several courses of firebrick 
Just below the charging floor there is gcnerallj a set of feed or apron plates for the 
purpose of distributing the charge uniformly in the furnace bj directing the fine 
material toward the center of the shaft while permitting the coarse material to fall 
along the sides In manj furnaces, however, these plates are omitted owing to local 
conilitiona making their use unnecessarj 

\l)ove the level of the charging floor ls the superstructure of the furnace with the 
arrangements for feeding the materials of the charge and the removal of the furnace 
gases Tlierc are many modifications m the design of the superstructure In man) 
casMitisof bncktoaheightof l2to 14 ft surmounted bj a steel hood for the removal 
of the gases In other plants the entire superstructure is of steel and octasionallj 
w atcr jacketeil 

The general practice of charging is through openings in the sides of the super- 
structure, wliich maj or ma> not he kept closed by doors between charging With 
the development of mechanical charging devices the g ises are in some instances drawn 
off btlow the point of charging particularly where the gases arc utilized in the manufac 
ture of acid C are should be taken to keep the cliarge openings closed between charges 
on account of the great leakage of air that would otherwise occur, with its consequent 
detrimental cflect on the draft of the furnace 

Air- or water-cooled steel hoods have marked advantages over the brick homl on 
account of the ready removal of accretions therefrom ami there seems to be 
tendencj for thejws accretions to form on tins t>pe of hood 

The furnace gases, on leaving the hood pass through a downcomer of bnek or 
stet 1, then to some sort of ft settling chamber to remov c the coarse particlea of ditst, 
ftiiil thence to the s’aek Tlie recover) of the flue dust is ft matter of serious impor 
tmoc and the mitliods used wiIll e discussed at a later point 

The st tiler serves not onh as a means for separating the slag and matte b> rca**®" 
of the dilTirence in their specific gravities, but also as a re«crvoir for the storage 
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of matte until such time as it be required. A plant that treats its own matte, 
therefore, requires a larger settler than does one that casts its matte directly into 
molds for shipment to some other plant for treatment. The settler is circular or 
oval, depending on local conditions and the plant layout, and consists of an iron 
shell lined with refractory material. The diameter may be as great as 26 ft., though 
18 ft. is the usual dimension, the depth being 4 to 5 ft. The lining material varies 
greatly and depends on the grade of the matte, and character of the slag, the most 
rapid wear being occasioned by the very corrosive and fiery low-grade mattes usually 
accompanied by basic slags. A high-grade matte and an acid slag seldom cause 
much trouble through corrosion. The settler lining, where there is little corrosion, 
may be made of firebrick or silica brick; where corrosion is feared, the lining is gen- 
erally of magnesite or chrome brick, or a combination of the two. Frequently, 
chromite or chrome ore is rammed into place and faced with a row of bricks to hold 
it in place until the heat of the molten material sinters it together. The lining is 
frequently protected by spraying water on the steel shell of the settler; this keeps 
the outside cool and causes a crust to form on the lining. 

The roof of the settler is formed by the chilling of the slag, amounting to a thick- 
ness of several inches except at the point where the molten stream enters and leaves. 
The working platform was formerly this chilled crust but is at the present time a 
steel platform directly over the settler. 

The slag overflows are constructed of cast iron coated with clay or other material, 
and are situated as far away from the entrance as possible, thus affording more time 
for settling. In many cases these overflows are situated at the side of the settler, due 
to the arrangement of the plant. The slag quietly flows out of the settler, and through 
these overflows into slag cars by which it is conveyed to the dump, or else it may be 
granulated by means of a strong stream of water, which not only granulates it but 
also carries it through launders to the dump. 

The matte is withdrawn from the settler through tapholes situated close to the 
bottom. There are generally two of these holes, though many plants have but one. 
The hole in the wall of the settler is to 2 in. in width and maj’" be lined with chrome 
brick. Opposite this opening and attached to the shell of the settler is a copper or 
iron frame in which is securely wedged the tapping plate, which may be either iron 
or copper. The tapping plate has a 1-in. hole in the center into which a clay plug is 
rammed. A steel tapping bar is rammed through the clay plug until it almost 
reaches the matte and remains in that position until the tap is made. This is accom- 
plished by withdrawing the steel bar by sledging against wedges held in place on the 
bar by rings. The matte flows from the taphole into the matte launder of cast iron, 
thickly coated with clay to protect it from corrosion, and from there into the ladle, 
which is usually of steel lined with cement and clay. During the tapping the workers 
arc protected from the heat and splashes of matte b 3 " means of a slotted sheet-iron 
door wliich is swung out of the way when not required. 

The charging of the blast furnace is accomplished in a number of ways. Hand 
charging gives the best regulation of coarse and fines and also possibly effects a sa^dng 
of coke. It is frequently used up to capacities of 300 to 350 tons per daj" and in 
some cases even higher. It, however, is expensive and too slow for the average modern 
blast furnace smelting 600 to 700 tons per day and has, therefore, been superseded by 
some form of mechanical charging, particular!}" as the larger furnaces are less sensitive 
to slight irregularities in the charges than the smaller furnaces. 

The general plan in use at the present lime is to charge the furnace from side d\imp 
cars, varying greatly in their design, which are brought to the furnae(^in a train by a 
locomotive, and travel on tracks on each side of the superstructure. The contents of 
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tbp car maj be dumped at one point, or the car may be moved along the length of the 
furnace while being dumped m order to distribute the charge 

Another scheme provides for the chaises being brought to the furnace m cars an 1 
dumped on the charging floor from winch they are pushed into the furnace bj a 
tnechanical pusher At Granb>, the furnaces were charged by pushing the charge 
cars into the furnace at the ends, from which they ran on tracks inside the furnace to 
the point of discharge Tins gave a straight fall of material and provided good 
distribution 

In some plants the coke used for fuel is mtsed with the charge and then sent to the 
furnace, but the usual practice is to charge it separately, and the utmost endeaior 
IS made to keep the consumption of coke at a minimum, although this is not always 
easy to do as the a% enge furnaceman considers coke as a panacea for all ills 
Sizes of modern blast furnaces arc show n m the follow ing table 



j 

Area, 

1 inches 

Blast, 

ounces 

Capacity, 

tons 

United Verde 

48 by 

320 

40 

050 

UnUtnl \crdc Extension ' 

48 by 

3V2 

30 

GOO 

Mason Valley 

G6by 

420 

33 

1,000 

Calumet and Arizona 

48 by 

4S0 

35 

OOO 

Garfield 

48 by 

240 

40 

000 

Tacoma 

45 by 

2Gl 

35 

050 

Anaconda 

5Gby 

612 

40 

1,400 

Anaconda 

50 by 1,W4 

40 

2,500 


The modern furnaces arc vastly more cfTiciCnl and economicsl than those formerly 
in use Ow ing to the large amount of material m the furnace, they arc less susceptible 
to slight irregularities Tlicrc is a saving of fuel, possibly amounting to 10 per cent, 
and tberc results a higher furnace temperature giv ing hotter slag and cnablmg a moie 
Bibceous charge to be run There is a marked decrease of incrustations, which elimi- 
nates the necessity for much barring It has been found possible to change a leaking 
jacket without shutting the furnace down This is accomplished by blocking off the 
tuy itcfl m the leaking jacket as well as those in the adjacent jackets and allowing a 
crust to form that is sufficiently strong to support the charge during the short period 
necessary to make the change 

There arc throe distinct processes in hlasl-furnaco smelting (1) The reduction 
process, m which a considerable percentage of coke, 15 per cent, is used The blast 
oxidizes the carbon of the coke and but little of the sulpliur in the ore Tins is tho 
process most generally used (2) The pyTitic process in which raw roassiic sulphides 
are smelted in a highly oxidizing atmosphere without the addition of carbonaceous 
fuel Tlic heat gencrsteil by the oxidation of the sulphur and iron is sufficient to 
maintain a continuous operation (3) ITu partial- or scmipyritic proecss in which 
suflleient heat is not generated by the oxidation of the sulphides and carljonaccous 
fuel IS addeii to the charge in just sufficient quantity to oiircomc the deCcicncy 

The Reduction Process —This process is characterized by the use of carliona- 
rcous fuel as the principal source of In U Tlie sulphur content of the charge » 
sufficient to form the desired matte, and any oxidation ls generally undc-iralle 
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The percentage of coke, which is the usual fuel used, varies from 12 to 15 per cent. 
An excessive amount of coke is liable to cause a reduction of iron from the slag, 
while "with a shortage the furnace becomes chilled and suffers a loss of tonnage. 

The use of such an amount of coke means that the furnace always contains a large 
mass of glowing coke for a considerable distance above the tuyeres, and consequently 
the oxygen in the blast is consumed almost immediately, resulting in a strong reducing 
atmosphere. Such being the case, it is readily seen that any sulphides present will 
melt down unchanged and form matte. An ore high in sulphur would, therefore, 
yield a large amount of matte which is expensive to treat, and it is clear that little 
would be gained by the reducing smelting of such an ore, and that a portion of the 
sulphur must be eliminated by a roasting process previous to the treatment in the 
blast furnace, or else the sulphides may be mixed with oxide copper ores to increase 
the grade of the matte. A certain oxidation of sulphur may be accomplished in the 
blast furnace by keeping the ore column low and increasing the blast, but such pro- 
cedure generally results in a very hot top and high temperatures of the waste gases 
and, in general, is not economical. 

Regarding the chemistry of the process, the blast entering through the tuyeres 
oxidizes the carbon of the coke to CO 2 , which is then partly reduced to CO by the 
glowing mass of coke in the furnace, the resulting gases being a mixture of CO, CO 2 , 
and the nitrogen of the air. As these gases rise in the furnace and reduce the oxidized 
materials, the percentage of CO 2 increases and will predominate in the waste gases. 
Any remaining CO is usually burned to CO 2 in the upper part of the furnace. 

As the charge descends in the furnace, its moisture is driven off almost immedi- 
ately, followed by the decomposition of such carbonates as may be present. At a 
lower point the oxides and silicates of copper 'will be reduced, and on coming into 
contact with metallic sulphides will be converted into copper sulphides which, -with 
any existing sulphides, melt and flow downward to the crucible, collecting the silver 
and gold as they descend. Ferric oxide, Fe 203 , is reduced to ferrous oxide, FeO, 
which combines with the silica to form slag as does any lime or other flux added to the 
cliarge. When the molten materials have collected in the crucible below the tuyeres, 
the various sulphides adjust themselves to form the proper matte, and likewise the 
various slag components adjust themselves to form the proper slag. 

The Pyritic Process. — The feature of this type of smelting is that the heat neces- 
sary^ to conduct the operation is furnished by the oxidation of the constituents 
of the ore, little or no extraneous fuel being used for this purpose. Up to 2 to 
3 per cent of coke may be added to the charge purely as a preheating medium 
and possibly to secure a more open charge. It certainly never reaches the smelt- 
ing zone, 

Tlie essential requirements for pyTitic smelting are siliceous material which is 
high in free silica, and heavy pyrite ore. It is necessary for as much of the silica as 
possible to bo in the free state in order that it may combine with the ferrous oxide at 
the instant of its formation. Combined silica is unsuited to the pyritic process as it 
is already united with one or more bases and consequently requires a large amount of 
heat to break up the existing combinations and form new ones with the ferrous oxide, 
and generally’ in the py’ritic process there is not any^ too large a margin of heat- 

Thc py’ritc ore not only’ furnishes the heat for the operation, but also the sulphur 
required for the matte, and it must consist largely’ of iron pyu-ites, as any oxidation of 
the copper sulphides 'would result in the slagging and consequent loss of the copper 
oxides. 

As tlio charge sinks in the furnace, any’ moisture present is quickly’ driven off, 
followed by’ the dissociation of the limestone added as flux. The free sulphur in the 
sulphides will be expelled as hca\’y' fumes of elemental sulphur, and at a point just 
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above the smelting rone the pyrite has been, chajiged to FeFeS, which is the true 
pjTitic fuel of the process 

The blast entermg the furnace through the tuyeres strikes the hot fused sulphides, 
oxidizing the Fe to FeO and the S to SO*. The FeO simultaneously unites with the 
sihca to form a ferrous silicate slag, while the SOj rises through the charge and pre- 
heats it assisted by the oxidation of such coke as may be present 
C -j- SO* = S -4* CO* 

The matte collects below the tuyeres, as does also the ferrous silicate slag after uniting 
with the lime to form the final slag The fused mixture then flows through the spout 
to the settler 

The grade of the matte produced and the acidity of the slag are controlled by the 
volume of air blown into the furnace A reduction in the amount of air will cause 
less of the sulphide to become oxidized, and the grade of the matte will, therefore, 
be lowered At the same time the slag will become more siliceous, as less iron is 
oxidized, and this condition will interfere with the process unless the amount of sili- 
ceous material m the charge la reduced On the other hand, any increase in the 
volume of air will oxidize an additional amount of iron, raismg the grade of the matte 
and increasmg the iron in the slag unless additional silica is provided 

A peculiarity of the pjTitic process is the artificial bosh formed on the side and 
end walls of the furnace This contracts the smeltmg area to a long, narrow sht 
This bosh 13 composed of fragments of quartz struck together by slag or by superficial 
softening, and seldom contams matte Its position m the furnace is not fixed, but 
vanes under different conditions 

MTidc in reducing smelting the tuyeres are bright, m pjTltic smelting they are dark 
and are bridged across It has been stated that a bar can be passed through the 
furnace from one tuy&rc to the opposite tuySre and be cool when w ithdrawn This 
indicates that the zone of fusion is well above the tuyere hne and that the molten 
material passes through channels betw een the tuy feres 

Partial pj ntic smeltmg is used when the available sulphide ores are not massive 
but consist of pyntic material disseminated throughout the ganguc, which is generally 
low in free silica and w hich may contam some alumma Such ores are not capable of 
furnishing by themselves sufficient heat for the continuance of the process, and it is, 
therefore, necessary to add carbonaceous fuel In some mstances it has been found 
advantageous to preheat the blast, as thereby a saving is accomplished m the amount 
of fuel used 

In the partial pyntic process the slags are rather low in iron, as the presence of 
coke requires much of the oxjgen of the blast for its combustion and there is less 
avadable for oxidizing the iron m the sulphides The excess silica will, therefore, 
have to be taken care of by the use of hmii IrLacder; tJhat.tJbL(ycema.y he any consider 
able pjTitic effect, a large amount of blast is necessary, and this usually results m the 
furnace havmg a hot top 

The smelting zone is nearer the tuyfere level and is not so contracted as m pyritic 
smelting, but is higher and more contracted than in reducing smelting The tuj feres 
are frequently dark and require a great <lenl of punching to keep them open 

The principal features of the blast furnace for the treatment of coarse ores are that 
its construction is simple and the erection is comparativelj inexpensive 'Where small 
installations arc required, they can be purchased complete and are easily transportable 
from one location to another The furnace is easily started and shut down, and the 
operation is relatively cheap The fuel consumption u low, and there is the possibibty 
of utilizing the fuel value of the iron and sulphur m the charge, and the heat is effi- 
ciently communicated to the individual parts of the charge 
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The blast lMTT:\aee is exceedingly elastic in its opetation, and changes in the oie 
supply are readily handled with little trouble. It is capable of handling practically 
every class of copper-bearing material in lump form, and, with modern sintering facili- 
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lies, much fine material can also be treated that would otherndse be uneconomical 
to handle. 

The reverberatory furnace is used for the treatment of fine ores, and the fuel 
and ore arc kept separate, the former being burned in a separate compartment from 
which the flame and hot gases pass over the ore, being guided in their course by a 
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mote or leas horizontal roof The heating of the ore js ftccomphshed by the radiation 
from the roof and side walls rather than by direct contact with the hot gases 

It IS particularly suitable for fine materials on account of the relatively quiet 
atmosphere, due to there being no blast, and there arc greater opportunities for the 
settlement of dual than in the blast furnace As the furnace atmosphere is neutral, 
orrery nearly so, it has little or no influence on such reactions as occur m the furnace, 
and it, therefore, follows that the reverberatory is purely a meltmg furnace 

The functions of the furnace are that it shall melt down ore and flux as rapidly as 
possible With a minimum of heat loss, it should permit the formation of matte and slag 
from, the mixture of oxides, sulphides, and sulphates m the charge, and the tempera- 
ture must be suSiciently high to render the matte and slag perfectly fluid in order 
that there may be complete settling with a mimmum of loss in the slag 

In order that the furnace may melt as rapidly as possible, it is necessarj that there 
be a good draft, in order that the great volume of gases that have been cooled down 
by their contact noth the roof, walls, and charge be replaced as speedily as possible bj 
fresh hot gases 

The heat losses are kept at a minimum by the elimination of side-door charging 
with its consequent admission of large volumes of cold air, the walls and roof are made 
aa thick as economically possible to reduce the radiation, losses 

The heat of the gases is utihzed to the greatest possible extent by makmg the fur- 
nace as long as will permit the charge being kept m a fluid condition without an exces- 
sive consumption of fuel, and such heat as necessarily leaves the furnace as sensible 
heat m the waste gases is, to a large extent, recovered by passing them through waste- 
heat boilers 

The hearth is of silica sand 24 to 30 in in thickness The sand is given a prelimi- 
nary calcimng and is ^hen leveled and sintered into place by long, continuous firing 
As the modern practice is not to drop the charge on the hearth, but on a bath of molten, 
material w hich is supported by the hearth, there k little wear on the latter, resuUmg 
m a very long life Crushed quartz may be used instead of sand 

The reverberator les of the new Morenci plant of the Phelps Dodge Corp arc 110 
ft X 31 ft 3 m outside thgwalls, which is somewhat smaller than furnaces budt 
some years ago, some of whr^ w ere 130 ft long These furnaces are designed to 
smelt 650 tons of charge per day The walls are stepped or tapered from I ft mini 
mum at the top to 4 or 5 ft maximum thickness at the bottom Construction is 
silica brick, Imed witK^magncsite except m the ehargmg zone Silica brick is used for 
the arch, which is 20 m thick, 35 ft m radius, and is horizontal for its full length 
It is 9 ft high at the spring hne, measured from the top of the silica bottom, which is 
at the same level as the reverberatory building floor A 2-ft layer of crushed silica 
18 used for the bottom Below this is a layer of poured slag 8 ft thick near each end 
of the furnace and 4 ft thick m the mtermediaiA zmm ThR.%-tt. dapth.tv in 

order to bury the lower tie rods for resisting endwise expansion of the furnace 

One large longitudinal tie rod runs the full length of each side of the furnace, and 
the buckatays are tied across with horizontal tie rods m the usual manner Heavy 
concrete walls take the bottom buckstay thrust and confine the silica and slag bottom 
Pilasters, 13 in square, at the buckstays space these members from the face of the waU 
A few years ago the amount of iron sulphide in the flotation concentrates practically 
forced the use of roasters, and the calcines were usually dehvered to the reverberatory 
as hot aa possible The improvement in grade of concentrates due to differential 
flotation IS such that m the new Morenci plant roastmg has entirely been dispensed 
with and the concentrates are charged wet through a senes of charge spouts at 44t 
centers along the furnace roof They contam about 9 per cent moisture Such 
coarse ore as is suited for direct smelting, which would formerly have been treated in 
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blast furnaces, is crushed to H in. and added to the reverbera-tory charge beds. The 
necessary lime flux is also crushed and added to the heds. 

The advantages of wet charging are the elimination of ^he roasting plant and' the 
facts that there is no dusting in the furnace and that there is a great decrease in the 
accumulation of magnetite on the hearth. So far it has been limited to plants 
operating in mild climates and would probably offer great difficulties in cold climates. 

Depth of the bath is nominally 3 ft. Three matte tap plates, for alternative use, 
are placed on each side of the furnace near the firing end, with the single slag tap in 
the side waU near the uptake flue. The slag launder branches to two openings over 
different tracks. The highly superheated bath readily gives up heat to the fresh 
charge, and it receives further heat from the radiation from the roof and quickly melts. 

The resulting slag and matte now move toward the tapping end of the furnace 
and have ample time in which to separate cleanly. The slag may be tapped inter- 
mittently or allowed to flow off continuously, the latter coming more into favor as it 
results in cleaner slags. The matte is tapped from the fore part of the furnace, as 
required by the demands of the converters, in a manner similar to tapping a blast- 
furnace settler. 

The fuel used in the modern large reverberatory furnace is gas, pulverized coal, or 
fuel oil, depending on the relative cheapness of the fuels. When pulverized coal 
is used, it is ground so that 80 to 90 per cent will pass a 200-mesh screen, and is blown 
into the furnace with about 15-oz. air pressure. The coal used may vary in ash 
content from 6 to 7 per cent up to as high as 15 to 20 per cent without giving trouble. 
The ratio of charge to fuel varies from 5 to 7J^. The burners are inserted directly in 
the rear wall of the furnace and several burners are used, four to six being the usual 
number. The type of burner varies in each plant with apparently equally satisfactory 
results. 

When using fuel oil in the furnaces it is generally 17 to 19 B<^ and is preheated to 
about 200 to 250°F. before burning, as this results in fuel economy. The amount of 
fuel oil used per ton of charge varies from 0.60 to 0.70 bbl. When as much heat as 
possible has been extracted from the gases, they are passed through waste-heat boilers 
for a further recover 5 % These are 500 to 750 b.hp., and they frequently are con- 
nected to a common cross flue extending from all the reverberatory furnaces, so that 
in case of a shutdown of a furnace the boiler capacity will not be lost, and if a boiler 
is dovTi for cleaning or repair the other boilers are available for the utilization of the 
waste heat. It has been found to be advisable to have the flues from the furnaces to 
the boilers slope slightly toward the furnaces, as otherwise trouble may be experienced 
from the accumulation of slag. 

Natural gas is a higldy efl&cient, clean fuel, but obviously its use is limited to 
localities adjacent to natural gas fields. Fuel oil and natural gas have an advantage 
over pulverized coal in that there is no ash which would increase the amount of slag. 

In the new Morenci plant, two groups of four multiple-jet low-pressure gas burners 
fire through two rectangular ports. The burners are suspended from individual 
trolleys, permitting withdrawal from the firing position, and an oil burner accom- 
panies each one, for emergency or auxiliary use. A suspended arch forms the top of 
the firing wall. 

Following modern practice the 83^ X 23 ft. uptake flue is made as short as possible 
and branches to two waste-heat boilers. The fiue bottom slopes steeply back toward 
the furnace to drain the slag. The roof and the back wall are of suspended construc- 
tion, using magnesite brick. A solid brick damper can be dropped through a slot 
to cut off one boiler. 

At a nc^x Canadian plant, using suspended-arch construction, the width of the 
furnace is 35 ft. in the smelting zone. All Canadian plants are using side feeding, the 
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un<5mcltcd charge being kept aw aj from the «Liimning baj The Amenean Smelting 
and Refining Co f a% ors a decp-bath gun feed ^ nter-cooled jackets along the bath- 
hnc of deep-bath smelting furnaces appears to ba^e become standard practice 
Copper jackets with IH-m water coils have proved most satisfactoo ‘ The use of 
ab^t 3 per cent of bentonite has been found ^'er> helpful in making a adiea slurry 
mixture that will adhere to brickn ork Magnetite sand is now (1943) being tried for 
rev erberatorj bottoms, with the hope that its higher specific gravitj and lower 
coefiicient of expansion, as compared "with silica will make it a decided imprONemenl 
The rc\crberatory is more independent of type slags than is the blast furnace 
So far as reverberatory slags maj be said to be t^TUcal, current practice appears to 
tend to a slag containing 37 to 38 per cent SiOj, 39 to 40 per cent FeO, 4 to 6 pet 
cent AliOi. 

In the reverberatory furnace anj reducing action is performed by the sulphur m 
the charge This reacts with the oxides and sulphates to produce metallic copper 
and sulphur dioxide The metallic copper is then sulphurized by the sulphides of 
iron present oxidizing the iron to FeO, which combines with the sdica present to 
form the slag The reverberatory furnace will make a higher sdica slag than a blast 
furnace owmg to the higher ax ailable temperature Anj iron oxide, Fe»0» present 
in the charge is acted upon bj the sulphide and reduced to FeO, unitmg with the 
silica 

The grade of matte produced by the reverberatory furnace depends upon the 
degree of roasting that the ore has received or the cleanness of the concentrate If 
a higher grade of matte is de«ired, the roast is carried to a higher degree and if the 
matte is too high, the roast is not pushed to the same completeness In the roasting, 
care must be taken that no magnetic oxide of iron Fc»0(, is formed, as such material 
forms a mush m the furnace and is diHicuU to remove When it occurs, the remedy 
IS to add a large amount of green sulphide ore to the charge, which will reduce the 
magnetite to FeO 

Comparing blast-furnace and reverberatory -furnace smelting, the former requires 
coarse ore in order to gtx e the best satisfaction little space is required, and the in- 
vestment IS low for anj given tonnage The fuel though small m amount, is rcla- 
tixcly expensixe and considerable power and a large amount of coolmg wafer arc 
required Blast-furnace slags can be made between very w^de hmits, but the addi- 
tion of a large amount of flux results m the production of a large amount of slag with a 
corresponding metal loss 

The re\ erberatory furnace is the most satisfactorj and advantageous apparatus 
in which to treat fine ores but it usuallj requires an extensive roasting plant and in 
itself occupies a largo amount of space and locks up a large amount of valuable metal 
Ilcnee the investment is large for a given tonnage IVhile large amounts of low pneed 
fuel arc u«ed, a large proportion of the heat in the gases is recovpre<l m waste heat 
lioilers and thLs greatly reduces the power cost The amount of slag and conse- 
quently , the metal loss are less than with the blast furnace R ith the ever increasing 
amount of fine ores to be treated, the rev erberatory furnace is fast dtsplacing the 
blast furnace, and it has been found adv antageous m certain localities to use reverbera 
tor} Binelting for cosine ores that under ordinary conditions would go to the blast 
furnace 

Convertmg — \Mien copper and other v alunble constituents of the ore has c been 
concentrated into the matte and the « orthless material disposed of as slag the next 
step in the process is the removal hj oxidation of the iron and sulphur of the matte 
This IS accomplished b} transferring the molten matte to a refractor} -lined vessel, 

■ WxUiTArr yfitoJt Tah teliru»rjf 1941 
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known as a converter, and forcing thin streams of air through the liquid mass. The 
reactions involve the rapid oxidation of the iron and sulphur and the fluxing by silica 
of the iron oxide thus produced. The sulphur dioxide formed by these reactions 
passes off in the waste gases. The heat of oxidation is such that the materials are 
kept in a molten condition, and the temperature is maintained well above that neces- 
sary for the formation of the slag, so that the process is independent of heat from 
external sources. The copper, together with any silver or gold, is reduced to the 
metallic form and is cast into suitable shapes for transportation to the refinery for fur- 
ther treatment. 

The converter is a cylindrical iron or steel vessel lined with refractory material. 
A conical mouth is provided through which the matte is introduced, the slag and 
blister copper withdrawn, and the gases pass to the stack. The air for the oxidation 
is introduced through the side of the converter by means of tuyeres leading from a 
wind box attached to the outside and havin i a connection with the blast main. 

The early types of converters were blown from the bottom, similar to those used 
in the steel industry, but this method was not a success, due to the chilling effect of 
the blast on the copper, which, when produced, sank to the bottom of the converter 
and froze in the tuy^es, thus stopping the operation. This was remedied by raising 
the tuyeres so that there was space for the copper to settle underneath the blast. 

The refractory lining may be composed of either acid or basic material. The acid 
lining, though formerly universal, is practically entirely supplanted by the basic 
linmg. The functions of the lining are to preserve the steel shell and form a recep- 
tacle for the molten materials, and to prevent radiation losses to the greatest possible 
extent. ^ 

In the acid lining the material used should contain the largest possible amount of 
free silica. The material generally used is low-grade siliceous ore, which, while it 
may not be so desirable metallurgically as quartz, is smelted for nothing, and the 
values recovered from an otherwise profitless material make the substitution eco- 
nomical. The ore is crushed and mixed with a binding material in a mill, and is 
pounded down hard in the bottom of the converter by tamping machines until it 
reaches to the proper distance below the tuyere level. At this point a steel or wooden 
form is placed in the converter, and the lining material is rammed around the form 
in layers about 6 in. in thickness. When the operation is completed, the form, which 
is sectional, is removed and the tuyere holes are punched in the lining. The hood is 
then inverted and lined and placed upon the body of the converter and securely bolted 
in place, the joint being covered with clay. 

The freshly lined converter is now dried slowly by a wood fire, after which coke is 
added and kept burning by an air blast through the tuyi^res for 5 or 6 hr., after which 
the converter is ready for operation. 

The basic lining is magnesite brick, the thickness varying from 9 in. at the top 
and sides to IS in. along the tuyere line and bottom. The brick may be laid in 
magnesite powder and linseed oil, or sodium silicate may be substituted for the linseed 
oil. In order to furnish room for proper expansion, liners consisting of thin strips of 
wood arc placed at intervals along the sides. After lining the shell, it is carefully 
warmed to prevent spalling and is then ready to be placed in the stand. 

The air for oxidizing the sulphur and iron is admitted through tuyeres usually 1 
to IJ'^ in. in diameter, placed about 8 to 12 in. above the bottom. The tuyeres are 
connected to a wind box ha^’^ng openings opposite each tuyere to permit of punching 
when necessary. These openings are pro^^ded with ball valves to prevent leakage 
of air while the converter is operating. The air is supplied at a pressure of 10 to 
20 lb., depending upon the type of convertor used and the depth of matte carried. 
The amount of air required will depend, of course, upon the grade of matte being 
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Fig. 36. — Side view, Peirce-Smith converter, Morenci, Ariz. 
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comerled but will average 160 OOO to 200 000 cu ft of free air per ton of blister 
produced for a 40'per cent matte 

The grade of matte that is most economical to treat in the converter depends upon 
the cost of the preceding operations A Ion grade matte low m copper but high 
in lion has the advantage of enabling a high temperature to be obtained owing to 
the fuel value of the FcS On the other hand the amount of iron that must be 
slagged requires a corresponding amount of silica and produces a large amount of 
slag carrying considerable copper n hich is too valuable to waste and must therefore, 
be re-treated for the recovery of the copper contents The amount of copper per ton 
when using low grade matte is relatively small and the cost of treatment therefore 
high 

A high grade matte high m copper but low in won has the disadvantage of con 
taming less heat and there may be difficulty m maintaining the desired temperature 



Fio 4 — Peircc-Snwth converter 


The amount of slag produced is decreased with a consequent lower re-treatment cost 
per ton of copper produced and the cost of converting is reduced due to the laiget 
amount of copper per ton of matte The economical grade is reached other things 
being equal n I en the cost of flusing the iron in the regular smeltmg operations is less 
than doing so m the converter 

The operation, of acid converting is conducted by first heating the converter to 
the rcquirnl temperature by the use of wood and coke The proper amount of matte 
IS then introduced through the mouth tlie blast turned on and the converter turned 
up 80 that the mouth is under the hood conveying the gases to the stack The tuyfres 
are non bolon the surface of the matte and the oxidation commences There are two 
mam stages in the operation (I) the elimination of the iron or blowing to white metal, 
and (2) the elimination of the remaining sulphur, or blowing to blister 

During the fost stage the iron sulphide is oxidized to FcO the sulphur oxidizing 
to SOj and passing off in the n aste gases The FeO immediately attacks the siliceous 
lining to form the slag Am copper that may be oxidized is immediately rcsolphur 
ized 111 reacting with tl c iron sulphide As the oxidation proceeds and the iron » 
slagged the matte remaining m the coniertcr gradually approaches white metal 
(CupS) This change may be followed by noting the character of the flame i&suing 
from the mouth of the converter At the start of the operation it has a reddish color 
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changing to a green, and as the white-metal stage approaches, to a pale blue. If, 
however, an impure matte is being converted, the flame indications are unreliable, 
and dependence is placed on the appearance of the layer of matte on the punch rod 
which is inserted in the tuyeres to keep them open for the passage of the blast. When 
the white-metal stage has been reached, it is indicated by the working of the matte on 
the rod. 

When the iron has been slagged, the converter is turned down, the blast shut off, 
and the slag skimmed into a ladle. In order to determine when the slag has been 
skimmed clean, a rabble is held under the stream and any white metal coming over 
will be seen by its working on the iron of the rabble. When the slag has been skimmed, 
a fresh charge of matte may be introduced and the operation repeated. This is known 
as doubling, and is done for several reasons. If the temperature of the charge is too 
low, there may be danger of freezing during the finishing blow; the fresh addition of 
matte, therefore, gives fresh fuel with which to raise the temperature. If the matte 
is low grade, there may not be sufficient white metal present to cover the tuyeres and, 
therefore, more matte must be added. If the converter cavity has become enlarged, 
the same condition prevails, and sufficient matte is added until the amount of white 
metal remaining is sufficient. 

During the second stage the sulphur in the white metal is oxidized, the sulphur 
passing off in the gases as sulphur dioxide, the oxidized copper reacting with the 
remaining white metal to produce metallic copper and sulphur dioxide. The copper 
settles below the tuyere level and collects any silver and gold that may have been in 
the matte. During this period the flame of the converter changes from a pale blue to 
reddish brown, and the metal on the punch rod becomes more and more coppery. 
When the charge is finished, the converter is turned down, the blast shut off, and the 
metallic copper poured into a ladle for casting, or it may be cast direct from the con- 
verter. The former practice is to be preferred, as the latter causes too much delaj'' 
to the converter and keeps down the tonnage treated per day. 

The main objection to the acid process of converting is the rapid destruction of the 
lining by the union of the FeO with the silica, the latter being the sole source of silica 
supply. The life of an acid lining is limited to a relatively few charges, depending 
on the grade of matte converted, a low-grade matte being more destructive than one 
of higher grade, due to the larger amo\mt of iron slagged. The expense of constantly 
renewing the lining was heavy, and for years efforts were made to fmd a lining that 
would not be attacked by the iron. After many attempts and failures this was suc- 
cessfully accomplished by Peirce and Smith. 

Basic-lined Converters. — The operation of converting in the basic-lined con- 
verter is similar to the acid operation as far as the reactions go, but the silica for 
slagging must be supplied from some external source. As the charge of matte is in 
the converter, the necessary amount of siliceous ore is added, the blast turned on, 
and the converter turned up. The flux is generally thoroughly dried before being 
added to the matte to avoid explosions, though in some plants the siliceous flux is 
blown into the converter and spreads out over the matte in thin layers and, conse- 
quently, does not have to be dried. 

The basic-lined converter cannot be operated at the temperature of the acid con- 
verter on account of the destruction of the magnesite lining at high temperatures. 
*1 he lower temperature required necessitates a great deal of punching of the tuyeres. 
^^ith a low-grade matte there is a greater heat liberation than when a high-grade 
matte is being converted, and great care is necessar^^ that the bath be not overheated. 
Too high a temperature retards the converting, attacks the lining, and tends to warp 
the converter shell. On the other hand, too low a temperature makes the luytre 
puncliing very difficult, makes a sticky slag, and is liable to cause the formation of 
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magnetic oxide of iron which builds up on the bottom and sides of the converter. 
Owing to the nature of the process, the basic converter operates at a lower temperature 
than the acid process, mainly on account of the large quantities of cold ore added as 
flux. 

The critical stage of the operation is at the finish of the slagging period. If there 
is insufficient silica present to take care of the iron, magnetite will be formed, while 
an excess of silica causes a sticky slag. Magnetite is also caused by an insufficiency 
of silica during the blow to white metal, and this has been taken advantage of to give 
added protection to the lining. Wheeler and Krejci at Great Falls, Mont., patented 
a process of blowing a low-grade matte \sdth either no silica or else a very small amount. 
This causes the iron to form magnetite, which covers the magnesite lining to almost 
any desired thickness and thus greatly prolongs the life. When this coating wears off 
in the course of the succeeding operations, it may be readily renewed during the next 
charge. 

The main advantages of the basic converter over the acid converter are the greatly 
decreased cost of lining; the use of much larger converters, which make for labor and 
power economies; a lower-grade matte can be treated than in the acid converter; 
the copper in the slag is lower; low-grade ores can be used for flux that could not other- 
wise be treated profitably; there is less slop from the converters; and the copper is 
produced in a shorter time. 

The slag from the converting process, containing as it does several per cent of 
copper, is too rich to be thrown away and is returned to the blast furnace or reverbera- 
tory, or may be treated in a slag-cleaning furnace. At some plants, it is the custom 
to pour the molten slag into the blast-furnace settler. This is done on account of 
the blast-furnace charge being so high in iron that the added iron from the converter 
slag is undesirable. The economy of this operation, however, is a disputed question 
as many metallurgists claim that the copper is not recovered to any great extent, bur. 
simply mixes wdth tlie great mass of blast-furnace slag and is lost. 

Plant executives appear to rate the modern 13 X 30-ft. Peirce-Smith converter 
at 100 tons of copper per day for a 37 per cent matte, with an increase or decrease of 
T) tons for each 1 per cent up or down in the matte tenor (within reasonable limits). 

The Smelting of Oxide Ores. — Where oxide ores occur, such as in' the Katanga 
district, these are smelted in blast furnaces with a large percentage of coke. The 
product is known as “black copper,*’ and its composition depends on the impurities in 
the ore. A clean ore will give a high-grade copper, wdiile, if much iron or nickel is 
present, these will be reduced and udll lower the grade of the copper. Usuall}^ a small 
amount of matte is produced, owing to the sulphur in the coke or small amounts of 
sulphides in the ore. Where there is little or no sulphur present, the copper losses in 
the slag arc apt to be high, while a small matte fail tends to clean the slags. 

The blister copper produced from any smelting process is generaUy cast into slabs 
approximating 18 X 28 in. and 3 to 4 in. in thickness, weighing 300 to 350 lb. There 
is just sufficient draft to the slab to permit of its ready removal from the mold. At 
some plants, the practice still continues of casting the old lype of Chile bar, wffiich is 
about 8 X 20 in. with a thickness of 6 to 8 in. This t^q^e of bar is very difficult to 
sample properly, on account of the segregation of the silver and gold, and it is also a 
difficult pig to handle easily. The Japanese frequently cast small slabs weighing in 
the neighborhood of 50 lb. each, which are very expensive to handle and sample, when 
considered on the ton basis. 

Of late years, the question of moisture in blister copper has been given considerable 
attention. When a slab is cast, there are numerous cavities in the interior, due to 
the gases. These cavities are connected with the surface of the slab by capillary 
tubes, and if a slab is cooled by dumping it into a bosh, considerable water may be 
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drawn into the ca\nties It is not unusual to find slabs containing as much as 0 2 per 
cent moisture, and this question is the cause of much controversy between the smelter 
and the refiner as to what allowance should be made to cover this moisture (see 
page 83, Vol I, “Principles and Processes*’) 

In all smelting processes, more or less flue dust is produced The roasting furnaces 
are the chief offenders in this respect, though thej are closely followed by the blast 
furnaces The reverb eratories, hanng a relatively quiet atmosphere, do not produce 
much dust, while that produced by the converters is largely m the form of fume from 
the volatile metalloids The collection and re treatment of flue dust is a considerable 
item m the cost of operation, and everj possible means is utilized to keep its formation 
down to the lowest pomt consistent with economical operation The recoverj of flue 
dust may be accomplished by one or more of the follow mg methods passmg the gases 
through large dust chambers, in which the velocity of the gases is so reduced that all 
but the finest particles of dust are settled out The gases may be filtered through 
woolen bags after being previously cooled to the proper temperature this is an expen- 
sive method and requires a heavy investment in flues and baghouse The gases may 
be passed through a Cottrell electrostatic precipitator in which the solid particles 
are thrown out of the gas stream by the action of a high-tension electrostatic field 
In the Roesmg system, the gases flow through dust chambers in which are suspended 
wires or baffles, and th** dust particles impinging upon these adhere, and when suSi 
cient has accumulated the gases are diverted into another chamber and the wires or 
plates are then shaken to dislodge the dust particles 

The treatment of recovered flue dust consists m briquetting and smeltmg m the 
blast furnace, a method formerly widely used but now falling into disuse agglomer- 
ating m rotary kilns, or Dwight-Lloyd smtermg machines, and smeltmg m the blast 
furnace, or in direct smeltmg m the reverberatory furnace — the most economical 
method 

Metal loss is a very important item in the smelting cost, and one that is watched 
and studied very carefullj so that it may be reduced to a minimum The three 
chief sources are dust losses m handlmg, metal contents of slags, and dust and fume 
losses through the stacks These losses arc a matter of more importance to the custom 
smelter than to the company owning its ow n mines, as m the latter case the loss is 
merely that of the cost of the metal to the point of loss and the potential profit, whereas 
in the custom smelter the miner has been paid for the contents of his ore and losses 
represent the loss of actual profits 

The Refinmg of Bhster Copper. — The blister copper produced m the smelting 
process contains so much impurity that it is unfit for commercial consumption without 
refining The foUowmg table shows the composition of various grades of blister 
copper produced at v arious smelters 



In earlier dajs the refining of blister copper was performed entirely in reverbera- 
tory furnaces, but this has been entirely supplanted bj the electrolytic process Of 
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the former process, it is sufficient to state that it was based on the fact that when 
copper sulphide and copper oxide were melted together the resulting reaction formed 
metallic copper, the sulphur passing off in the waste gases as sulphur dioxide. Silver 
and gold were recovered to a considerable extent by first having a small copper fall 
in the matte wdiich served as a collector for these metals together with much of the 
impurities present. The enriched portion was worked up separately, while the purified 
white metal was carried along to pure metallic copper. 

The modern process of refining may be considered to be divided into the following 
steps; (1) A preliminary fire refining, to remove as much as possible of the impurities, 
followed by the casting of the copper into anodes. (2) The electrolytic process, con- 
sisting in dissolving the anode by means of the electric current and depositing the 
pure copper on the cathode. In this step the remaining impurities are removed, and 
any silver and gold contained in the anode are collected as a mud or slime to be recov- 
ered by a subsequent treatment. (3) A final furnace treatment of the cathodes, which 
are not in a form suitable for general commercial use, in order that they may be con- 
verted into the proper physical shape for the consumer. 

Furnace Refining. — ^As the methods of operation of the anode and cathode furnaces 
are almost identical, one description will suffice for both. The furnace treatment is 
based upon the relatively weak affinity between copper and oxj^gen, as compared with 
the affinity between oxygen and the impurities in the copper. The process, therefore, 
consists in an oxidizing fusion in order to volatilize some of the impurities and to 
oxidize the remainder, using copper in the form of oxide as a scorifying agent. This 
being done, the impurities will either pass off in the furnace gases or else float on the 
surface of the bath as a slag which may be skimmed off. 

As the remaining copper is now saturated with oxygen, the next step is to reduce 
the cuprous oxide to copper by means of some satisfactory reducing medium, after 
which the copper is cast into the necessary shapes. 

In the anode furnace the blister copper should be refined to the highest degree 
that is economically possible in order to have a uniform high-grade product to send 
to the electrol 3 ’'tic process. This is necessary, as the success of the latter is largely 
governed bj’' having uniform operating conditions, and it is generally’' much cheaper 
to eliminate impurities by a furnace treatment than by electrolytic methods. It is, 
liowcver, not possible to remove the last traces of the impurities in the furnace. The 
great bulk is gotten rid of quite easily, but as the amount becomes reduced it becomes 
increasing!}'- more difficult without slagging off so much of the copper that the treat- 
ment of the resulting by-products becomes too expensive. Just where this point is 
depends upon local conditions and the relative cost of the two processes. Tlicre are 
also some of the impurities that tend to alloy with the copper and are removed with 
great difficult 3 ^ 

The reverberator}" furnaces in which the refining is conducted are at the present 
time constructed with capacities of 500,000 to 600,000 lb. per charge. 0^^dng to the 
weight of metal contained, they are necessarily of much stronger construction than 
the reverberatory furnaces used in the smelting of ore. The side walls are constructed 
of silica brick with a thickness of 12 to IS in., though there is an increasing tendency 
to use magnesite brick up to a point above the metal line, and then use silica or a good 
grade of clay brick from that point up to the roof. 

The roof is almost invariably made of silica brick 15 to 18 in. in thickness, thougli 
attempts have been made to use firebrick or clirome brick. The great advantage of 
silica brick is its ability to withstand the temperatures obtained without softening 
and losing its shape. Firebrick softens at a low temperature, particularly when under 
pressure, while chrome brick absorbs a great deal of metal, and it is difficult to treat 
the burned-out brick for the recovery of tlie copper contents. 
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The hearths of furnaces treating relatively pure materials are generally constructed 
of siliceous material, while magnesite brick is used where the copper contains con- 
siderable amounts of lead or antimony. The siliceous hearth is generally made of 
high-grade silica sand which has been crushed to the size of coarse sand. It may be 
used with an admixture of lime or copper oxide or may be put into place without any 
binder other than the natural impurities in the sand itself. The sand is mixed thor- 
oughly and placed in the furnace, where it is given a thorough calcining, after which 
it is spread over the bottom to the desired depth and tamped down. The furnace is 
then gradually brought to the highest possible heat that the brickwork will stand 
until the new bottom is thoroughly sintered into place. Then the furnace is gradually 
cooled down, and the bottom is then seasoned by covering it with a thin layer of scrap 
copper, melting this, and allowing it to soak into the bottom. The furnace is allowed 
to cool somewhat and the operation repeated until the copper that will be quickly 
absorbed has been taken up. After this, small charges are introduced and the furnace 
is gradually brought up to capacity in the next few days. It is found that a furnace 
will absorb copper for a considerable period of time before becoming saturated. The 
amount of copper locked up in a bottom will depend on the size and the shape of a 
furnace, but may be said to be in the neighborhood of 1000 lb. per ton of daily capacity. 
The concentration of silver and gold in a furnace bottom will depend on the grade of 
material treated, but will increase with continued use, the gold tending to concentrate 
to a greater extent than the silver. Very high silver charges will greatly increase the 
silver absorption, which will not be washed out by later charges of lower grade to any 
considerable extent. 

Owing to the danger of overheating the bottom and having a portion of it come up, 
the universal practice is to have a vault under the bottom to ensure the proper amount 
of cooling. This may be supplemented by having pipes laid in the bottom through 
Avhich air or water is forced to ensure the necessary cooling. A bottom of magnesite 
brick will radiate more heat than a silica bottom, owing to the greater heat conductiv- 
ity, and in such construction it is necessary to have the magnesite brick underlaid with 
a hcavj' backing of clay brick. This type of bottom is generally laid in the form of an 
inverted arch held in place by skewbacks attached to the side plates of the furnace. 
The brick should be laid dry or in a mixture of powdered magnesite and linseed oil. 
After laying it, the furnace must be very carefully dried out by the use of salamanders 
placed at different points along the hearth until all moisture has been driven off. If 
this is not done, there is great danger of the formation of superheated steam, which 
destroys the texture of the brick, and the entire bottom is liable to be rapidly destroyed. 
^Uter drying out, the furnace is gradually brought up to a good red heat and the 
bottom seasoned as with a silica bottom. 

The fuel used may be bituminous coal, pulverized coal, fuel oil, or gas. The 
modern tendency is to use either fuel oil or powdered coal. Hand firing is expensive, 
and ash disposal is bothersome. Powdered coal has the disadvantages of requiring the 
installation of a pulverizing plant, and as much of the ash of the coal remains in the 
furnace, the amount of slag produced is increased. Fuel oil has the disadvantage of 
requiring the installation of storage tanks, pumps, and preheaters for the oil. Either 
powdered coal or fuel oil is more economical than hand firing with an equivalent B.t.u. 
price, and the furnace temperature is much easier to control. 

When hand firing with bituminous coal, the coal used will approximate 250 to 
350 lb. per ton of copper; pulverized coal will reduce this 20 per cent, and with fuel 
oil the consumption will bo about 22 to 20 gal. per ton, using oil of 18,000 B.t.u. per lb 
and 16 to IS'^B^. 

It is now the universal practice to equip all revcrberatorics nith wasto-heat boilers 
to recover the large amount of licat in the waste gases. With coal, the recovery will 
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be 6 to 8 lb of steam per pound of coal and w ith oil 8 to 10 Ih of steam per pound of 
od In a large plant this waste-heat steam amounts to one-third to one half of the 
steam used in the plant, so that the economy is obvious 
The dimensions of some refining furnae-'s are 

Geveral Dimensiovs of Some Rlpoting Furvaces* 



American Smelting , 
& Refining Co j 

Rantan Copper 
Works 

U S 
Metals 
Refimng 
Co 

Length of hearth j 

50 ft 

35 ft 

7ft Cm 

43 ft 

40ft Zm 

Width of hearth 

|l4ft 7 in 

1 15 ft ' 

1 17 ft 

1 14ft 3m 

14 It 4 ID 

Depth of hearth 

■ 22 in 

14-16 in 

' 35 n 

1 23 in 

30 ID 

Hearth nrea square feet 

035 

' 490 

559 

553 

496 

Length of grate 

1 Oft 

1 Oil fired 

1 Cil fired 

1 

8 ft 3 in 

Width of grate 

Isft 




7 ft 4hin 

Area of grate, square f'>et 

75 




60 8 

Height of roof above hearth 






at bridge 

Oft 4n 

Oft 10 m 

7 ft 9n 

7 f 6 m 

7 ft 2 m 

Height of roof above hearth 






at flue 

,3 ft 6 m 

3 ft 6 m 

5 ft 10 in 

4 ft 

4ft 9m 

Area of flue, square feet 

12 47 

12 00 

11 50 

9 15 

12 75 

Tons output per 2 1 hou s 

200 

178 

250-275 

275-32 J 

226 


* Met lluxgy of Coiper Hofman Ilayuard 


The Various operations of the furnace may be classified as charging melting oxi- 
dizing, poluig and castmg and will be taVen up in their order The large furnaces 
are charged by means of electrically operated charging machines which handle un to 
6000 lb of copper at one time and which will charge a 200-ton furnace m less than 
2 hr In the emaUer matnllations the old method of hand charging is still in use 
Ihis consists of placing the slabs of copper on a paddle and sbdtng them into the 
furnace This is a alow and expensive method and is rapidly being displaced Owmg 
to the large amount of space occupied by the slabs the amount that can be charged at 
one time is usually less than the capacity of the furnace, and it becomes necessary 
to recharge a small amount after the original charge has been melted down 

At the plant of the Ontario Refining Co , molten blister copper is convejed 
rules from the smeltery to the refinery in a specially designed car holding 70 tons of 1 ot 
metal This car is spotted alongside the furnace and the contents poured therein 
through a launder 

When charging cathodes a larger amount can be charged during the first charging 
as thej stack better and do not occupy as much space relatively At the plant of the 
Isichols Copper Co a unique method of charging is used which consists of sliding the 
eiit,hod« into the futnece by means of a chute By this arr angement the fvanace is 
not permitted to cool down, and the fuel consumption is thereby decreased IVith 
the charging crane the doors of the furnace must be opened and by the tune the fur 
nace is charged it has cooled down to a dull red oc black heat 

When the charging of the furnace has been completed the doors are luted up 
and the fire urged to the utmost extent As copper is an excellent conductor of heat 
the metal rapidb absorbs the heat and soon starts to melt on the edges Duruig 
the raeltmg the flame ls kept strongly oxidizing m order to have a sharp cutting heat 
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and to form as much, oxide as possible, the surface of the bath is smooth, the 

firing is continued strongly until the metal on the bottom has melted, which is recog- 
nized by the charcoal or coke covering of the preceding charge rising to the surface. 
Between the time when the charge is flat and when the metal is afloat, the slags that 
form are skimmed. The amount of slag formed depends on the nature of the material 
charged. Average blister copper will produce about 3 to 4 per cent of its weight of 
slag, cathodes about 1 to 2 per cent, and foul coppers may run as high as 30 per cent. 
With coal firing the ash of the coal is frequently blown over into the bath and forms 
slag, and with powdered coal there is a considerable increase, at times amounting to 
50 per cent. Fuel oil, on the other hand, has no tendency to increase the amount of 



Fig. 7. — Application of silica slurry, Clarkdale smeltery, Phelps Dodge Corp.^ 


slag formed. As refinery slags are high in copper (30 to 50 per cent), it is seen that the 
rc-lreatment charges are hea%^, and a small increase in the amount of slag formed is 
immediately reflected in higher costs. 

AVhen the metal in the bath has been skimmed clean, a say ladle, which is a small 
ladle with a long handle used for taking samples of the molten metal, is dipped into 
the furnace, and a test button taken to determine the condition of the metal If, 
vhile the button is solidifying, it breaks through the crust and 'throws a worm,” 
this is indicative of sulphur, and a green pole is inserted in the bath to agitate the 
metal and drive out the sulphur held in solution by the copper. During this poling 
the atmosphere is kept strongly oxidizing. Buttons are taken frequently until the 
evidences of sulphur have disappeared. This operation is known as poling down. 
^Mien the sulphur has been poled out, the copper in the bath is oxidized bj' inserting 
mr pipes through which compressed air is forced. This not only itself oxidizes the 
copper to a considerai)le extent, but, by the violent agitation it causes, exposes a 

* rtRsj. 7 nnil 8 are from K, A. WngstaiT s “ ChnnRcs and In\pro% cments in Modern Copper SmeUing,’* 
T.P. icno, Trans Teh,, 1944. 
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large surface of the molten metal to the oxidizing influence of the hot gases To assist 
the oxidizing, a rabble maj be mtroduced through the skimming door and bj means 
of ft chain suspension swung back and forth the surface of the metal broken into 
thin sheets or sprajs It is found that the rabble is more effective as a means of 
oxidizing than the air jets but, owmg to the great mass of copper to be oxidized and 
the hot and fatiguing ork of swmgmg the rabble, its use as the sole means of oxidizing 
IS impracticable 

During this period of blowing and flapping, buttons are taken to show the progress 
of the oxidation As the amount of cuprous oxide in the bath mcreases, the surface 
of the button sinks and the fracture show s a color approachmg a brick red When 
the metal is saturated with oxide there will be a deep depression the fracture will 
show a bubble m the center, and the fracture w lU be coarsely cubical and a strong 
brick red color During this period, more or less slag will form and will be skimmed 
off, so that the surface of the metal will be kept clean for the action of the hot oxygen 
in the gases The cuprous oxide formed acts as a scorifymg agent and is the effective 
means of removing the impuntiea in the metal 

hen the buttons show that the cliarge is saturated with oxygen or "set,” the air 
pipes and rabbles are romo-v cd and the surface of the bath is covered with coke or 
charcoal The doors ere closed and tightly luted up so as to prevent the admission 
of excess air A pole la then inserted m the bath m order to reduce the cuprous oxide 
to metallic copper 

Tlie poles used for this operation are usually hardwood, but softwood is readily 
usable, the chief objection being the heat developed at the polmg door, with the attend 
ant discomfort to the men, and more wood is required per ton of copper An aver 
age amoimt of wood used for polmg may be considered to be 100 to 150 lb per ton 
of copper If wood is used to make the charcoal covering for the bath, the amount 
13 increased to 250 lb per ton As the pole burns away, it is pushed further into the 
furnace, and when it becomes too short to hold by the chain block, it is pushed mto 
the furnace and becomes a brand, while a new pole is introduced 

During this tune, test buttons are taken and the surface and fracture observed 
The fracture gradually changes from coarselj cubical to finely granular, then fibrous, 
the color changing from a brick red to a salmon pmk When the polmg is finished, 
the surface of the button is slightly rounded, and the fracture is silky and of a rose 
color The copper is now said to be ‘ tough pitch” and is ready for casting 

During the progress of the refining the various impurities behave about as follows 
Iron and cobalt oxidize and slag off readily, though if cobalt is present m anj consider 
able quantity a considerable time maj he required for its complete eUmmation 

Aickel IS a verj difficult element to slag on account of its strong affinity for copper 
\\ ith lugh nickel coppers the first few percentages of nickel readilj pass into the slag, 
but as the amount decreases the slagging becomes slower and slower To elunmatc the 
last portions is extremely difficult The bath must be skimmed clean, and by eon 
tinumg the oxidation, the nickel oxide forms as a powder and may be skimmed off 
If, however, there is any reducing action m the furnace, the nickel easily reduces and 
is absorbed by the copper 

Sulphur requires a great deal of poling and oxidizing to effect its remox al, and if 
present m blister copper to any considerable extent will make the furnace work very 
hot If an excessive amount is present, there w lU result a great deal of trouble from 
the formation of matte on the surface of the bath 

Lead partly volatilizes and la partly slagged V,ith considerable lead present it 
may become necessary to throw the charge coarse with a small addition of matte and 
reoxidize tMien present m any considerable quantity , lead w ill vigorously attack 
silica bottoms as soon as any oxide is present, and it may become necessary to use 
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magnesite brick bottoms when handling blister high in this element. Zinc is readily 
oxidized, and its elimination is simply a question of time of blowing. 

Arsenic and antimony partly volatilize, but are eliminated with considerable 
difficulty. In some cases it becomes necessary to treat the bath with a flux of lime 
and soda in order appreciably to reduce the amounts of these undesirable elements. 
In severe cases it is necessary to give the copper a second refining ^ 

AVhen the metal is finally ready for casting, that from the fire refining of blister 
copper is cast into anodes for the electrolytic process. For the multiple system these 
are slabs 24 X 36 in. or 36 X 36 in. and about 2 to 3 in. in thickness. When used 



Fig 8 . — Suspended arch in reverberatory furnace, Hudson Bay Mining & Smelting Co. 


for the scries system, the anode may be cast as a slab for rolling, or as a long thin anode 
for direct dissolving. 

When the anode is to be used direct, lugs are cast so that it may be easily supported 
from the conductor bar or hanger bar. In some cases, loops of heavy copper wire are 
placed in the mold and the metal cast around them. A heavy copper bar is passed 
through the loops and is used to make the contact. 

When small furnaces are in use, the copper is frequently cast by hand ladling, but 
''ith the increased size of the furnaces it becomes necessary to find some faster method. 
It is now the universal practice with large furnaces to draw off the metal from the side 
or end of the furnace through a tapping slot. This slot or taphole is filled with a 
iiuxlurc of clay sand and a small amount of coal, hard enough to withstand the 
pressure of the metal on the interior of the furnace, but soft enough to permit of cut- 
ting a gutter for the flow of tlie metal. This plug is held in place during the working 
of the furnace by trans\"erse iron bars, about 1 m. square, placed on top of one another 
' tor resc'iTclics on Tolatl^o slnggabiUty, bco Aftncrol Ind , p. 248, 1901. 
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and held by guides fastened to the side plates of the furnace These bars are removed 
at the tune of casting, and the clay plug is cut avf&y from the top sufficiently to pcmnt 
the copper to flow over the edge into a launder leading to the ladle As the level of 
the copper m the furnace falls, the clay plug is cut down more and more If at any 
time it is desired to stop the flow of metal, a ball of clay is placed in the taphole and 
pressed down with a stick 

In the new Phelps Dodge plant at Morenci, the anode furnaces are of the tilting 
type, 13 X 25 ft , holding about 175 tons They are set at a height sufficient to 
permit complete emptying into the pourmg spoon Complete rotation is possible, and 
gears, riding rings, cradles, and dme are mterchangeable with Bimilar parts of the 
converters The Immg is 18 m of magnesite brick m the lower half and 13 in mag- 
nesite in the upper half, backed up by insulatmg brick to reduce heat loss The low- 
pressure gas burner is mounted on a hinge to permit swmgmg away from the port 
Only a short movable flue is provided, without a stack, to avoid undesirable draft 

There are several types of casting m achmes for the casting of anodes The Walker 
w heel has the molds on the circumference of a wheel approximately 21 ft in diameter 
The wheel is turned by hydraulic or electric power, and the molds arc brought under 
the furnace ladle where they are stopped while the mold is flllmg The wheel is then 
revolved until the next mold is under the ladle When the newly cast anode is about 
three molds away from the ladle, it is sprayed w ith water to cool the metal, and at 
the same time the mold is cooled by a spray from underneath When the anode is 
nearly opposite the ladle, it is lifted from the mold by means of a push pm which passes 
through the mold and slides on an inclined track The anode is then lifted from the 
mold by a crane and placed m a bosh filled with running w ater m order to cool to the 
room temperature 

The strmght-hne casting machine consists of a series of molds earned by an endless 
belt in front of the ladle tVhen a mold is filled, it passes tow ard a bosh, being sprayed 
on its journey, and at the end of the belt where the molds pass underneath, the anode 
13 either dumped into the bosh or else lifted out of the mold by a crane and placed m 
the bosh for cooling. 

In hand ladling, the ladle man stands in the center of a wheel somewhat similar 
m shape to the Walker wheel, and, as each mold passes, it is filled with copper and 
passes around to the rear, where it is cooled and removed either by a hoist or by a roan 
using a long-handled lifter 

Anode molds are generally made of copper, though m some instances cast-iron 
molds are used The advantage of copper lies m the fact that when the mold has out- 
bved its usefulness it can be charged mto the furnace and the copper recovered and 
sold at market value, while a cast-iron mold has only a low scrap value In order 
to prevent the copper from stickmg to the molds, they are w ashed with pulverized 
SLdca, wbic'n is applied at suen a point that the beat of the mold will dry it outbelore 
the ladle is agam reached 

Tlie furnace refining of blister copper should be carried to the highest possible 
point in order to produce the best results in the electrolytic refining A well refined 
anode will dissolve readily and evenly and will give a good deposit, while an improp- 
er!}' refined anode will dissolve unevenly and give rough deposits and a heavy per- 
centage of scrap w hich has to be rc-treated It has been very clearly demonstrated 
that any extra expense incurred m the anode refining to ensure a high-grade product 
■will result m a much greater saving in the balance of the refining process 

The electrolytic refining of copper is based on the selective action of the electric 
current m the follow mg manner If two metal plates are suspended in an electrol} le, 
and a direct current is passed from one plate to the other, the metal of the plate where 
the current enters, known as the anode, will be dissolved, provided the composition 



THE METALLURGY OF COPPER 


251 


of the electrolyte is of the proper type. The plate at which the current leaves is 
known as the cathode, and what happens at this point depends on the nature of tb53 
dissolved metal and the composition of the electrolyte. The constituents of the 



electrolyse are partly ionized, and the individual ions Imve definite discharge poten- 
tials depending upon their positions in the e.m.f. series (see page 378). Those ions 
having the lowest discharge potential will be discharged as long as they exist in suffi- 
cient amounts to carry the current. If there is an insufficient amount, the ion next 
highest will be discharged. In an aqueous electrolyte the hydrogen ion is presen 
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and •mil be discharged unless there is present some other ion standing belo'w it m the 
series Copper is in this position and, therefore, 'will be discharged before hydrogen 
The electrolytic refining of copper is, therefore, based upon the fact that, if a copper 
anode is suspended in an electrolyte composed of copper sulphate and sulphuric acid, 
it will be dissolved and the copper pass into solution At the cathode, which is also 
copper, the copper in solution will be deposited while the hydrogen present will be 
unafiected 

The impurities associated with the copper in the anode do not deposit on the 
cathode because they stand higher in the e m f series than cither copper or hydrogen 
and, therefore, while they dissolve in the electrolyte, remain in solution, or else the 
composition of the electrolyte is so adjusted that they remain on the anode as insoluble 
alloys or compounds 

The impurities that, as a rule, pass into solution and remain there are Fe, Ni, 
Co, Zn, As, and Sb Those that are insoluble and remain on the anode as a slime are 
Ag, Au, Pt, the rare metals, and Se, Te, and Pb 

Where an impurity exists in the anode as a chemical compound it wDl tend to pass 
into the slime, as chemical compounds have a much lower electrical conductivity than 
the copper, and these compounds largely segregate m the anode The purer metal 
immediately surrounding them is dissolved, allowmg the compound to fall into the 
slime, where it may lie inert or else be slowly attacked by the electrolyte and pass 
into solution Those elements w hich alloy with copper may either dissolve or pass 
mto the slime, dependmg upon their nature and properties 

Two systems of electrolytic copper refining are m use at the present tune, the 
multiple and the senes, differing in the arrangement of the electrodes 

The Multiple Systenn — In the multiple sj stem, the anodes and the cathodes are 
connected m multiple and are suspended crossw ise in a lead Imed tank The anodes 
are gcnerallj 2 X 3 ft oc 3 X 3 ft in area and 2 to 2 in thick, weighing 400 to 600 
lb The number of anodes vanes from 26 to 32 per tank, and they are given a sparing 
of about 4 m 

The multiple cathodes consist of pure copper starting sheets suspended between 
the anodes The preparation of the starting sheets is an expensive operation, tequvr 
ing skilled labor In the manufacture of the startmg sheets, anodes of the purest 
grade of copper are used, and the anode is wider than the regular anodes to ensure the 
edges of the starting sheet being perfect The startmg sheet is made by depositing 
copper on a rolled and stretched copper blank, which is coated with a mixtiire of 
graphite and oil, or else gasoline and oil, or other mixture that has been found to be 
satisfactory for the purpose This coating is for the purpose of allowing the sheet to 
be readily stripped from the blank To prevent copper being deposited on the edges 
of the blank, these are protected by covering them with grooved strips of wood, which 
are removed when the sheet is stripped from the blank, or else the edges of the blank 
are painted w ith a hea-vy asphalt paint, and a shallow groove is cut in the blank at the 
point where it is desired to have the sheet break off 

The process of manufacture of the starting sheet consists in first giving the blank 
a coating of the oil paint, the edges are then painted with asphalt or the wooden strip® 
put m place, and the blank is hung in the tank while the current is on, and allowed to 
remain for the necessarj tune, usually 24 hr The blanks are then drawn from the 
tank one at a tune The operator strips the tbm sheet from the blank with a sharp- 
edged knife, one sheet from each side, repamts it, and it is returned to the tank 
TTie thickness of the sheet is usually about m , and a 3 X 3-ft sheet wdl weigh 
about 10 lb It 13 of the greatest importance that the current be flowing when the 
blank is placed m the tank, or else the oil will be washed off by the hot electrolyte and 
the new deposit will be burned fast to the blank when the current is turned on 1“ 
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order to hang the starting sheets in the regular depositing tanks, two loops are fastened 
to each sheet. These loops are made of starting sheets which are cut into the prqper- 
size strips and are fastened to the sheet hy punching and bending back the sharp 
corners of the punched portion. 

As the starting sheets must have good tensile strength, they are usually made at 
a current density lower than that used in the regular tanks, and the electrolyte used 
is kept very pure. The number of tanks required for this work will depend upon the 
number of cathodes to be drawn daily from the regular tanks, as a starting sheet must 
be produced for each cathode drawn. 

The tanks used for the multiple system are made of wood or reinforced concrete, 
the latter being preferred in recent installations. All tanks are lined with 6 per 
cent antimonial lead to protect the wood or concrete from attack by the electrolyte. 
The dimensions of a tank for 30 anodes with a surface of 3 X 3 ft. is approximately 
11 ft. long by 33 ^ ft. wide by 3K ft* deep. Several arrangements of tanks are in 
use at the present time, the earlier arrangement being two tanks side by side and in 
rows depending upon the size of the tank room. As this arrangement required 
a large amount of copper to be tied up in bus bars, the Walker arrangement was 
developed, in which there are but two rows of tanks, but there are 15 to 20 tanks, 
having a common partition, in each row. As the electrodes of one tank are connected 
to the electrodes of the adjoining tank by the use of a light triangular bar to which the 
cathodes of one tank and the anodes of the next tank are connected, there is a great 
saving in copper. This arrangement is at present the most widely used. 

The tanks are built on masonry piers high enough to permit of proper inspection 
underneath for leaks, etc. At the top of the piers are glass blocks having a thin 
sheet of lead placed on the top. The glass block serves as an insulator; the lead sheet 
protects the glass from any drip from a leaky tank. The tanks rest on longitudinal 
sills 8X8 in., which rest upon the top of the piers. There are many variations in 
the constructional details of the tanks, each refinery having its own ideas on the 
subject. 

The electrical connections depend on the tank arrangements. In the older 
system where two adjacent tanks are arranged in cascade of 8 to 10, the current is 
led to each pair of tanks b 3 '’ a heavj^ copper bus bar. The current leaving the cathode 
bar was conducted to the adjacent tank by means of a heav^’^ copper connection plate 
upon which the anode bar rested. The current then left this tank through a heavy 
bus bar which led it to the next pair of tanks in the cascade. In the Walker system 
the current is led to the first tank by a heavj^ bus bar. The common partition 
between the tanks supported a light triangle bar upon which the cathode bars of the 
preceding tank and the anode bars or lugs of the succeeding tank rest. At the end 
of the row of tanks the current was carried by a heavy bus bar to the next row of 
tanks. There is thus a great saving in the amount of copper tied up in conductors 
when using the Walker system. 

In the multiple sj'stem, as the electrodes are in multiple, each anode must have its 
individual current supply. With a depositing surface of 540 sq. ft. and a current 
densitjr of 20 amp. per sq. ft., the total current required will be 540 X 20, or 10,800 
amp. per tank. With 30 anodes per tank, each anode wWl require 360 amp. The 
nse of such large currents requires conductors of large cross section to prevent over^ 
heating and consequent loss of powder, and this constitutes a large proportion of the 
initial investment in a multiple tankroom. The generation of currents of this mag- 
nitude also requires expensive generating equipment in the powerhouse. 

The operation of the multiple sy'stem is about as follows: The anodes, having 
been straightened, are placed in the tank by an overhead crane and are then evenlj” 
spaced b\' the tankmen. The starting sheets are straightened and a copper bar passed 
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through the loop The> are then hung in the tanks and the loops securely clamped to 
the cathode bar bj tongs specially designed for tins purpose This is done to ensure 
a miwrnutn contact resistance between the loop and the rod The starting sheet is 
then accurately spaced between the anodes All anode and cathode contacts with 
the bus bars or triangle bars are then given a coating of oil in order to prevent acid and 
salts from creeping in and spoiling the contact The tank is then filled with dec 
troljtc and the current turned on At the end of 48 hr it is customary to withdraw 
the cathodes one by one and straighten them as the initial deposit has a tendency to 
make them curl slightlj 

The time required for makmg a full w eight cathode depends upon the current 
density used the qualitj of the anode and various factors peculiar to the plant in 
question but usually two cathodes are produced from each anode and the tune 
required per cathode is 10 to 14 dajs During this time the tanks are gone over 
daily and mspected for short circuits and when these are found the cathode is lifted 
up and the nodule causing the short circuit broken off or else it may be removed 
bj the tankman s sw eeping a copper rod across the face of the cathode 

MTicn the first crop of cathodes has run its full tune the tanks are cut out of 
circuit by short-circuiting the entire section of tanks to be drawTi by the use of a 
lieavy copper cutout The cathodes are removed by an oi erhead crane and taken to 
a wash box, where they are thoroughly washed by a spray ol hot water to remove 
any adhering slime and electrolyte Tliej are then piled on a car and sent to the wire 
bar furnace 

The anode mud that eontams the silver and gold is then swept from the face of 
the anode bj means of brushes with long handles or else the anode may be withdrawn 
from the tank and taken to a wash box, where the slime is washed off by hot water 
and the anode returned to the tank A new set of starting sheets is placed in the tank 
the contacts gone ox cr as before and the current turned on During this second run 
of cathodes the anodes are carefully w atched to see when they become too thin for 
proper working Mhcn an anode gets scrappy due to its being thinner than it 
should be or else having dissolved at a faster rate than its mates it is w ithdrawn from 
the tank and replaced bj a piece of heavy scrap fl supply of w hich is kept on hand 
in the tankroom for such purposes 

At the end of the run the tank is cut out of circuit as before the cathodes remoxed 
waslicd and shippctl and the scrap anodes dtawm from the tank by the crane and 
Ihoroughlj washed to remove all adhering slime Thej are then sent back to the 
anode furnace for rcmelting An> heaxw scrap is generally kept m the tankroom for 
the purpose, described above of replacing anodes that have gone scrappy before 
tlicir time 

The electroljte la pumped out of the tanka a plug m the bottom of each tank i® 
issrertAtift 10111 \Vrt! awmirtAuiefi ^iiine isTiusbcd into a ta under wbic'li conx eys A to n 
filitnc tank, w here it is screened to remox e coarse pieces of metallic copper and is then 
pumped to the silx er refinerj for the recox er> of the precious metals contained 

The tank is thoroughly cleaned of all adhering salts and slimes any leaks that may 
haxe dex eloped arc repaired by the lead burners the triangle rods are cleaned of 
salts and dirt, and the lank is then ready for another run 

The amount of scrap made m the multiple system will depend on the character 
of the anode the current dcnsitx and the care taken in ca&tmg the anodes uniformly 
thick The usual practice will make about 15 to 20 per cent scrap a large part of 
xvluch IS accounted for b\ the lugs that arc undissolved The percentage of scrap 
made is kept as low as poa«ihle on account of the re-trestment cost the tie-up m metal-* 
and the delay to putting m process contract material 
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The Series System, — In the series system the electrodes are connected in series 
and the same current serves each electrode. There are no starting sheets as the back 
of each anode serves as the cathode for the preceding anode. 

There are two modifications of the series system : In one a rolled anode is used, in 
the other a cast anode is used. The first is in operation at the plant of the Baltimore 
Copper Co., the second at the plant of the Nichols Copper Co. 

At the Baltimore plant the anode material must be of good quality to permit of 
rolling without cracking. The anode furnaces cast a slab, which, while red hot, passes 
through the rolls and is rolled down to a thickness of about 14 in. It is then cut into 
plates approximately 11 X 24 in., which are straightened and tAvo plates placed in 
Avooden frames, which are placed in the tank. The tanks are 11 ft. 6 in. in length, 
25 in. in width, and have a depth of 26 in. ; 135 electrodes are placed in each tank. 

The current enters the tank through the first electrodes, passes through all the 
electrodes in series, and leaves through the last electrode, which is a copper plate. 
The electrodes act as both anodes and cathodes, the side receiving the current being 
the cathode, and the side from which the current leaves being the anode. As a result, 
the impure metal of the anode is dissolved from one side of the plate Avhile pure 
copper is deposited on the other side of the plate to approximately the same thickness. 

The deposition is finished when the anode has been dissolved to the desired degree, 
AA'hich is usually a complete dissolving, so that there is little or no scrap, other than 
that from the rolling and the cutting of the plates and that left in the grooves of the 
strips. The cathodes are removed from the tank, Avashed, and sent to the Avire-bar 
furnace. The slime remaining at the bottom of the tank is removed by hand and the 
tank is carefully cleaned out before the next run. 

At the Nichols plant the anodes are cast, and average 12 X 54 X % in. They are 
straightened, and the cathode side is painted with a mixture that will permit of readilj’’ 
stripping the cathode from the undissolved portion of the anode. The anodes are 
then hung on an iron bar, there being five anodes to a bar, and 121 bars are hung in a 
tank. The tank is then filled Avith electrolyte and the current turned on, WTien the 
deposition has proceeded to a point where the amount of anode remaining is about 
S per cent, the deposition is considered finished ; the electrodes are removed from the 
t^ank by a crane and carried to the stripping room, where the remaining anode scrap 
IS removed and sent back to the anode furnace for re-treatment, the cathodes being sent 
to the wire-bar furnace, and the slime flushed out and sent to the silver refinery. 

The current density used in the series system is the same as that used in the 
multiple system, but as the electrodes are in series the amount of current per tank is 
much less. Where a multiple tank haAdng a depositing surface of 540 sq. ft. requires 
a current of 10,800 amp., a series tank having a depositing surface per plate of 4 sq. ft., 
as at Baltimore, or 23 sq. ft., as at Nichols, will require 80 or 460 amp., respectively. 
Ihese small currents avoid the use of conductor bars of large cross section, and, as 
there are but few contacts per tank in the series sj^stem as against approximate!}’’ 120 
m the multiple system, the contact losses are reduced to a minimum. 

The voltage across the electrodes in the series system at the solution level is approx- 
imately the same as that in the multiple, for equal spacing, so that, while the multiple 
system lias a Ioav voltage per tank, the series sj’'stem, v’hich in reality consists, electro- 
chemically, of a number of multiple tanks in series, has a voltage corresponding to the 
number of electrodes in series. Where the multiple system has a voltage at the 
solution level of, say, 0.2 volt, the series tank, with 135 electrodes, AA'ill have a voltage 
of 27.0 volts, and Avith 121 electrodes the voltage will be 24 volts, if the electrode spac- 
ing 18 the same in all cases. The electrode spacing in the series system, hoAvever, is 
closer than in the multiple system, and the voltage is correspondingly reduced. 
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The over all voltage per electrode in the scries system is much less than in the 
multiple, therefore, both on account of the closer spacing and the almost complete 
absence of contact resistances The average voltage may be taken as about 20 volts 
per tank at a current density of 20 amp per sq ft 

This high voltage makes it necessary to use tanks having an insulating Iming and 
the lead lined tanks used in the multiple system are not practicable The usual con 
stniction 13 either of wood Imed with some asphalt compound, slate, or else concrete 
lined with asphalt, the last bemg preferable, due to a longer life and cheaper 
maintenance 

The multiple and senes systems may be roughlj compared as follows The mu! 
tiple system casts heavy, th ck anodes, the senes requires rolled or light thin ca«t 
anodes The multiple system requires the preparation of a special starting sheet 
which 13 an expensive operation requiring skilled labor The senes system uses no 
startmg sheet, but it is necessary to strip off the backs, an operation performed by 
common labor The multiple system requires heavy currents per tank, necessitating 
heavy conductor bars with a consequent large tie-up of copper The senes sjstem 
uses low currents and avoids the use of heavy conductors 

The copper produced per kilowattKlay la the multiple system at a density of 18 
amp wdl average about 165 to 180 lb In the senes system the production per kilo- 
watt-day will average about 340 to 380 lb The power requirements m the senes 
system are thus about half those in the multiple sjstem The efficiency m the 
multiple system will average about 90 per cent, m the series sjatem about 70 per cent, 
due to the current leaking past the plates The scrap produced m the senes system is 
less than that produced in the multiple system with a consequent less cost for re treat 
ment The greater output per tank in the senes system requires less tanks for any 
given output The tanks used m the series system must be hned with msulatmg 
material In the multiple system , lead linmgs are used Th e m etaV losses in both sys- 
tems are about equal, while the copper, silver, and gold locked up in process are leas 
in the senes than in the multiple 

Outside of the shape and arrangements of the electrodes and the tanks the other 
features of electrolytic refining are common to both processes The electrolyte has 
a composition of approximatclj 35 g per 1 copper, 140 to 200 g per 1 sulphune 
acid, together with small amounts of sucli impurities as iron, nickel, arsenic and 
antimony as may accumulate from the dissolution of the anode The electrolyte has 
a marked negative temperature coefficient and therefore, js heated by steam to 
increase its temperature and reduce the electrical resistance The degree of heating 
used depends upon the relative cost of power and steam as well as the electrolyte 
composition, to a certain extent The usual temperature is about 130“F As the 
power used in overcoming the resistance of the electrolyte appears therein as heat, 
there is considerable heatmg from this source The amount of steam used m the 
multiple system per tank will be greater for the same temperature than m the senes 
system, owing to the different amounts of power developed in the tanks A multiple 
tank will develop approximately 3 kw, while a senes tank will develop about 
10 kw 

Owing the tendency of the electrolyte to segregate under the action of the current 
it becomes necessary to circulate it through the tanks The segregation is more 
marked in the case of high current densities than in low densities It is caused by 
the fact that at the face of the anode where copper is passing mto solution the 
electrolyte consists largely of copper sulphate of high specific gravity and there is » 
tendency to stream downward At the face of the cathode where copper is removed 
from the electrolyte, the latter becomes largely sulphuric acid of lighter specific 
gravity and the tendency is to stream upward If, therefore, there were no circu 
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lation at all, the electrolyte would soon form two distinct layers, that on top being 
high in acid and low in copper, while the bottom laj^er would be high in copper and low 
in acid. As a result, the deposition would be largely confined to the lower part of 
the cathode, while there would be a copious evolution of hj^drogen at the top of the 
cathode accompanied by spongy copper. The efficiency would, therefore, be greatly 
decreased, and the power per ton of copper increased. With an adequate circulation 
this tendency is counteracted to a large extent and the deposit kept regular. The 
higher the current density, the greater will be the amount of circulation required to 
prevent stratification. On the other hand, an increased circtilation tends to keep the 
fiiime in the tank stirred up, resulting in increased metal losses. The choice, therefore, 
lies between greater efficiency of deposition and increased metal losses. The 
normal rate of circulation will be about 3 to 4 gal. per min. for current densities of 
15 to 20 amp. 

At some plants the electrolyte is admitted at the top of the tank and withdrawn 
from the bottom, while at others the flow enters at the bottom and is withdrawn at 
the top. The latter requires less solution, and there is less danger of a tank being 
flooded. Tliis is because the solution on cooling becomes denser, and, therefore, a 
greater head of the hot entering solution is required to force the cooler solution 
from the bottom of the tank; and in case the current has been off for some time, so that 
the solution has become quite cool, the head required to raise the cold column of 
solution in the outlet pipe may be such that it is more than the tank null hold. On 
the other hand, the objection to the top overflow is that this type of circulation 
opposes the natural settling of the slime. As, however, the rate of flow per square 
foot of cathode surface is exceedingly small, this objection appears to be more theo- 
retical than actual. 

The older plants had their tanks arranged so that the electroljde flowed through as 
many as six tanks in cascade. This practice reduced the amount of electrolj’te 
required, but the great cooling that occurred so increased the resistance that the loss 
m power more than offset the reduction in the tie-up of metal in solution. The 
modem practice is, therefore, to reduce the number of tanks in cascade to one or two, 
thus preventing severe temperature inequalities and giving better efficiency and power 

consumption. 

Circuit Resistance. — ^The current xised in the electrolytic refining is, of course, 
direct current, and the amount carried by the bus bars will vary from 10,000 to 
12,000 amp. for the multiple system to 500 in the series system. As the output 
depends upon the current, while the power depends upon the resistance, and the 
problem in electrohd;ic refining is to obtain the greatest output per unit of power, 
the question of resistances must be given very careful attention. The following 
resistances are encountered in the various systems: 

Mrdltple , — Bus bars, bus-bar joints, anode contacts, anode, electrolyte, cathode, 
cathode loops, cathode-loop contacts, cathode rods, cathode-rod contacts, and other 
small resistances, such as resistance of the slime la 3 'er on the anode, transfer resistance, 
counter etc. The magnitude of these resistances is approximate!}" as follows: 

contacts, 15 per cent; electrohde, 60 per cent; conductors, 15 per cent; coimter e.m.f., 
^ per cent; slimes, etc., 5 per cent. In the series system there are the following resist- 
ances: bus bars, anode rod, anode hangers, anode, electroh"te, cathode, cathode 
hangers, cathode rod, and also the other small resistances mentioned in connection 
'^'Uh the multiple sj^stem. The magnitude of the above is approximately as follows: 
contacts, 234 per cent; electrol 3 "te, 85 per cent; conductors, 234 per cent; counter 
e.m.f. ^ 0 per cent; slimes, 5 per cent. As the cost of power is one of the chief items 
m the refining of copper, constant thought is given to means whereb}" these resistances 
^^^3 be reduced and power saved. 
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Some of the ways m which 8a^ mgs ma> he made are as follows 

C<mivxiori — As the resistance of any conductor vanes as its cross section, it is 
evident that any mcrease will result in decreased resistance An increase in cross 
section, however, will mcrease the weight and, therefore, the cost of the conductor 
Thompson’s rule that the most economical cross section is that for which themleresl 
on the mvcstment equals the cost of power lost is apphcable m this case, particularly 
for bus bars For the other conductors in the tank, conditions prevent its application 
Thus the anode lugs must be of sufficient strength to support the weight of the anode, 
and hence are usually of far greater cross section than required for the current As 
the cathode loops are made of thin copper strips, these are generally of insufficient 
cross section and hence carry a current density greatly m excess of that which is 
most economical 

Contacts — ^The leduction of this leaistanee calls for two things (1) ample area 
of the contact surfaces, (2) the elimination of as many contacts as possible This 
resistance is one of the largest m the tankroora, outside of that of the electrolyte, 
and much ingenuity has been shown in reducing it Formerly, anodes were sus- 
pended by two hooks, givmg five contacts, two at each hook, and one at the contact 
of the anode bar With the bus bar The modem anode lias but one contact, due to 
cast lugs bemg used which make the contact with the bus bar Cathodes were for 
merly suspended by hooks which have been replaced with firmly attached loops, 
the attachment being below the gmfaee of the solution, where they soon become cov- 
ered with the deposit and become an integral part of the cathode An attempt has 
been made to ebminate the contact beta een the cathode rod and the tnangle rod by 
having the cathode rod rest directly upon the anode lug m the adjacent tank 

One of the best methods of keeping contact losses at a mmimum is to keep them 
clean As there is generally considerable heat generated at any contact, any solution 
that may be splashed thereon will soon be converted into anhydrous sulphates, 
which prevent an eSective contact The most effective w ay so far developed for the 
prevention of this formation is to apply a thin coating of oil to the contact surfaces 
This will keep them clean for a long time and costs little to apply 

IVhile the numerical value of each contact loss appears to be so small as to be 
almost insignificant, it must be remembered that there are a great many of these 
contacts throughout the tankroom and their cumulative effect is sufficiently large to 
amount to a considerable w aste of power 

Blectrolyte — The resistance of the electrol 3 ^e is affected by its temperature 
and composition The temperature coefficient is negative, so that an increase 
in temperature decreases the resistance The higher it is possible to carry the tem- 
perature, the lower will be the resistance There is, however, a practical limitation 
to the degree of heating on account of the cost of the steam exceedmg the saving m 
power beyond a certain point, depending upon local conditions Too high a tempera- 
ture may also affect the character of the deposit, and the higher the temperature, het 
greater the amount of evaporation and the higher the humidity m the tankroom ’'db 
its attendant discomforts 

The composition of the electrolyie has a great effect on its resistance As the 
conductivity IS dependent on the presence of hydrogen ions, an increase in the content 
of acid will mcrease the number of hydrogen ions present and decrease the electrolyte 
resistance The presence of sulphates increases the resistance These sulphates 
are not only the copper sulphate composmg the original solution, but also the accumu- 
lated sulphates from the impurities m the anode, such as iron, nickel, and zinc To 
secure an electrolyte of minunum resistance, it is necessary to keep the free acid a« 
high as possible and the Bulphatc® as low as possible Tbe practicable hunts to high 
acid and low sulphates are that there must be a sufficient amount of copper m the 
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vicinity of the cathode so that only copper ions will be discharged. This limitation, 
therefore, requires the copper to be kept not lower than 30 g. per 1. in average work. 
If the acid is too high the saturation point of the sulphates present becomes very close 
to the operating temperature of the solution, and any cooling that may occur is likely 
to cause a salting out of these sulphates on the cathode, giving a very rough and 
contaminated deposit. The lower the contained sulphates in the solution, the higher 
can the acid be maintained. 

Counter E.m.f. — ^The cause of the counter e.m.f. is largely due to the formation 
of concentration cells at the electrodes due to differences in the composition of the 
electrolyte. This may be overcome to a certain extent by increasing the rate of 
circulation of the electrolyte, but there is a very practical limit to this on account of 
the danger of stirring up the anode slime and contaminating the cathode, thereby 
increasing the precious metal losses and producing impure copper. 

The formation of concentration cells at the surface of the cathode also causes the 
copper content of the electrolyte to increase, owing to the fact that, if at the top of the 
cathode there is a solution containing higher acid and lower copper than contained by 
the solution at the bottom of the cathode, a concentrate cell will be set up and copper 
will tend to pass into solution at the top of the cathode and be deposited at the bottom 
of the cathode. But as the efficiency of deposition is less than that of dissolution the 
copper in the solution will increase, and this amount of increase will be greater the 
greater the difference in solution composition. 

Slimes. — ^The resistance of the slime adhering to the surface of the anode will 
depend largely on the purity of the anode. A high-grade anode produces slime 
that has low electrical resistance, while an impure anode gives a slime that may have 
a very high resistance, and should the nature of the slime be such that it covers the 
anode with a very heavy, dense layer, the anode may be made almost insoluble with 
a correspondingly great increase in the voltage necessary for the operation of the tank. 

Current Density. — The current density to be used in electrolytic refining depends 
upon a number of factors. It is of great importance, as the design of the tankroom 
depends upon it. The two main factors affecting the selection of current density are 
the cost of power and the average composition of the anode. As the power cost varies 
direct as the square of the current density, a point is soon reached where the power 
cost becomes prohibitive. When the anode contains a large amount of silver and gold, 
a high current density will tend to give high metal losses in the cathode, due to the 
necessity of maintaining a high rate of solution circulation. 

A high ciurent density generally increases the labor cost because the weight of 
the cathode is more or less fixed by the physical labor of handling, and a high current 
density means pulling cathodes of younger age. This more frequent pulling also 
requires the use of a larger number of starting sheets, the preparation of which is an 
expensive item. The question of interest on metals locked up in process plays a very 
important part in the determination of current density. If the anodes are high in 
silver and gold, the sa^dng due to getting these metals on the market earlier wiU often 
pay for an otherwise uneconomical current density. 

Increased current density requires the use of fewer tanks and less building space 
for a given output. This means a lower initial investment and, where construction 
costs are high, may have great influence on the question. 

The average current density in use at the present time will varj’' from 15 to 20 
amp. per sq. ft. of cathode surface. In many cases this density is too high for present 
power costs, but as the plants were designed at a time when power was cheaper than 

the present, it was correct at that time, and the only way in which the density can 
oe reduced without building additional tanks is to curtail the output, and the loss sus- 
smed in so doing may be much greater than the loss due to increased power costs. 
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Current Effidency — ^The term “current efHciency” is an expression of the ratio 
of the amount of product actually obtained to that theoretically obtamable m accord 
ance TOlh Faraday’s Utt It » always less than unity on account ol various factors, 
such as current leakage, short circuits in the tanks, and the deposition of hydrogen 
at the cathode As the output of the tanks is directly proportional to the current 
efficiency obtamed, other things being equal, a great deal of careful study is given to 
the mamtenance of as high a current efficiency as is economically possible 

Current leakage m a well designed plant should be small It will vary with the 
voltage on each circuit and the care taken to keep the tank surfaces m a good, clean 
condition The higher the voltage on any circuit, the greater will probably be the 
leakage The amount of leakage may apprommately be determmed by openmg the 
circuit m the middle and takmg the ammeter readmg when the voltage is normal As 
this method applies the full voltage to but half the tanks, however, the mdicated leak- 
age 13 apt to be somewhat higher than the actual amount Another method is to 
compare ammeter readmgs at several pomts in the circtut, care bcmg taken to guard 
against the stray fields that exist m the neighborhood of conductors carrying heavy 
currents Leakage through the woodwork of the tanks should be negligible, provided 
they are kept in proper condition, and it may be assumed that the largest part of the 
leakage is through the circulating sj stem, by the current being shunted around the 
middle tanks m the circuit, as the circulatmg system is in parallel with the depositing 
system To prevent this leakage as much as possible the resistance should be made 
as high as possible by having the overflow pipes of considerable length and small 
cross section Where the leak occurs to the ground, there is usually evidence on 
account of the copper deposited at the pomt where the current leaves the electrolyte 

The greatest part of the loss m current efficiency is due to short circuits m the 
tanks These are caused by the foUowmg conditions the new startmg sheet may 
curl after a lew hours m the tank, and unless this is discovered and rectified a bad 
short circuit may result To prevent this occurrence the startmg sheets are gener- 
ally removed from the tank, straightened, and replaced after a certam number of 
hours workmg If the electrodes m the tanks are not properly aligned, there will 
result more or less short circuits owmg to the unequal current distribution m the tank 
The tank men when workmg on top of a tank may kick an electrode out of place and 
neglect to replace it properly As the anode dissolves away, pieces of the scrap may 
fall off and test against the cathode 

Except at a low current density it is not possible to produce a perfectly smooth 
deposit with a cathode of any considerable age, and under normal workmg conditions 
the cathodes soon become more or less rough When this occurs the resistance 
between the anode and the projectmg part of the cathode becomes less and there is 
consequently a greater tendency for the current to flow across this part, increasing 
the current densitj at such a pomt and aggravating the condition If not corrected 
in time, the roughness will develop mto trees which bridge across the space between 
the anode and cathode, resultmg m a dead short circuit which may stop all depositmg 
in that particular tank To prevent such a condition the tank men continually patrol 
the tanka with voltmeters and long copper rods When the voltmeter mdicates the 
presence of a short circuit, the rod is swept across the space between the anode and the 
cathode and the projection broken off 

Deposition of hydrogen at the cathode is due to an msufficient amount of copper 
ions to cany the current This condition may be caused by too low a circulation rate 
or by the circulation bemg unevenly distributed between the electrodes It may also 
be caused by the copper content of the electrolyte bemg too low or the acid content 
being too high The usual cause is probably an inefficient distribution of the cir 
culation throughout the tank The current efficiency may be reduced as much as 5 
to 10 per cent, due to this cause 
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Electrolyte Purification. — ^As the impurities in the anode accumulate in the 
electrolyte, the resistance of the latter increases, resulting in a greater power con- 
sumption, and there is also danger of the cathode being contaminated. This con- 
tamination is in addition to the contamination from adhering slime and is due to the 
fact that the deposited metal on the cathode is always more or less porous. This 
porosity permits a certain amount of the electrolyte to become entrained, and con- 
tamination from this source will not be removed by the usual washing received by the 
cathode prior to its charging into the wire-bar furnace. The higher the current 
density, the greater the tendency for porous cathodes. The addition of a small 
amount of glue to the electrolyte results in giving a denser deposit, but usually 
increases the resistance of the solution. The remedy for such contamination is to 
keep the electrolyte as pure as possible by constant withdrawals and replacement with 
fresh solution. The purification of tankroom solutions is a source of considerable 
expense unless the impurities have a marketable value. 

The various methods of purifying the electrolyte are by the manufacture of blue- 
stone and by the use of insoluble anode tanks with or without the recovery of the 
sulphuric acid. 

In the manufacture of bluestone, the hot electrolyte is passed through towers 
containing shot copper until the free acid is brought down to about 1 per cent. Tlie 
solution is then concentrated with steam coils in lead-lined tanks and sent to the 
crystallizing tanks where the copper sulphate is allowed to crystallize on lead strips. 
These crystals may be sold or else redissolved and sent back to the tankroom. The 
mother liquor from this crystallization contains the impurities, and if the impurity 
is of value, such as nickel sulphate, it may be further evaporated and the nickel sul- 
phate crystallized out, after any traces of copper have first been removed. Otherwise 
the foul solution is wasted after precipitating out the remaining copper on scrap iron. 

using insoluble anodes, the solution to be purified is passed through a series 
of tanks containing anodes of hard lead. These tanks may be used either for the 
reduction of the amount of copper in the electrolj^te or for the complete removal of 
the copper prior to the final treatment of the solution. Where it is simply desired to 
reduce the amount of copper in the electrolyte, the latter is circulated through the 
tanks at a high rate and returned to the tankroom. Tlie high rate of circulation is 
desired in order that the efficiency of deposition may be as high as possible and also 
that the quality of the cathode produced be high enough to be sent to the wire-bar 
furnace. Where it is desired to remove the copper completely, the circulation is 
reduced. There are usually three to five tanks in series, and the copper from the first 
tank is generally of good enough quality to send to the wire-bar furnace. The product 
of the remaining tanks will, to a large extent, depend upon the composition of the 
electrolyte being purified. As the copper becomes depleted, arsenic and antimony 
fire deposited as a sludge, which is generally sent to the blast furnace, if there is one at 
the plant, or else treated by special methods. The last tank eliminates the last traces 
of copper from the electrolyte. The efficiency of these tanks is very low, the average 
for the series being about 20 per cent or less. 

If arsenic and antimony are the impurities to be eliminated, the solution is returned 
to the tankroom. If there is a large amount of soluble sulphates, such as iron, nickel, 
or zinc, the solution from the insoluble anode tanks is either sent to the sewer and the 
acid content wasted, or else it may be concentrated by heating to such a point that, 
^Pon cooling, tlie objectionable sulphates are crystallized out. The mother liquor, 
^'hich is high in free acid, is then returned to the tankroom. 

file use of the insoluble anode requires considerable power, but the investment 
required is small, whereas a large investment is required for the manufacture of blue- 
stone. however, large amounts of solution are required to be purified, there is 
danger of depleting the electrolyte of copper to too great an extent. This is partic- 
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idarly true ifhen the anode contains considerable amounts of nickel or iron, so that 
there is much less copper being dissolved than deposited In such a case it becomes 
necessary to add copper to the electrolyte bj means of bluestone or by trickling hot 
electrolyte through ton ers contammg shot copper On the other hand, with a pure 
anode there is a budding up of the copper contents of the electrolyte, and this excess 
will have to be removed bv one of the above methods 

The insoluble tanks are usuallj m tn o groups, the first of which has a high rate of 
circulation and removes the bulk of the copper, the second group removing the 
balance of the copper together with such arsenic and antimony as may be present 
As the power consumption of insoluble anode tanks is high, an attempt has been made 
to eliminate the first set by utilizing the prmciple of the stratification of the elec- 
trolj te 1 In this method advantage is taken of the fact that at the face of the anode 
there is a downward flow of the electrolyte due to the increase of copper concentration, 
while at the face of the cathode there is an upward flow due to the decreased copper 
concentration By withdrawing the mam bulk of the electrolyte from the lower part 
of the tank and about 10 per cent from the upper part, there is obtained from the lower 
outlet a solution high in copper and relativelj low in acid, while from the upper out- 
let the solution is low jn copper and relatively high m acid, the copper being less than 
13 usiially obtained from the outlet of the first group of insoluble anode tanks As 
the impurities do not segregate, the solution from the upper outlet contains prac- 
tically the same amount of impurities as the average solution in the tanks This 
method thus saves the extra cost of one group of insoluble tanks and produces a 
cathode similar to those obtained from the regular refining tanks, with the expendi- 
ture of little, if any, more pow er than required for the production of regular cathodes 

The cathodes from the electrolytic refining, havmg been washed, are sent to the 
wire-bar furnace This type of furnace is similar to that described under anode 
casting (pp 24 *>-251), but the operation requires more care, particularly in the polmg 
operation and casting Great care must be taken to have the metal at the proper 
heat, as cold copper will result in bars that are porous Hot copper will absorb 
gases from the gases of combustion, and these gases will be hberated on cooling giving 
porous copper 

Overpolmg causes the surface of the bar to rise and throw out a worm and the 
resulting metal w ill very likely be brittle The causes of overpolmg are not definitely 
known, but it is believed that sulphur plays an important part 

Refined copper la cast on the Walker wheel or the straight-line machine os 
described prcMOusly The Clark wheel is a modification of the W'^alker wheel with 
the molds placed radially instead of tangentially , and bars of any length can readily 
bo cast thereon 

The commercial forms of cast copper are wire bars, cakes, slabs, ingots, and ingot 
bars ire bars are bars of approximately square, cross aectiow, the length, varying 
from 40 to 60 m , the width and depth from 2)^ to 4 m The ends are usually tapered 
to facilitate admission to the rolls in the rolling mill The weight of wire bars vanes 
from 135 to 300 lb accordmg to the demands of the consumer Cakes are squarCi 
or rectangular castings, varying m dimensions from 14 X 17 m to 42 X 42 in The 
thickness depends upon the w eight desired for any particular cross section and varies 
from 2 to 8 m Cakes under 2S X 28 in are generally cast on the casting machine, 
the larger ones being cast in open iron split molds, placed on a copper base Slab* 
arc long, thin, shallow bars, usually with square ends Ingots are small tastinp* 
weighing about 20 to 25 lb and hai e one or tw o heels cast to permit being broken up 
easily by the consumer Ingot bars arc bars consisting of several ingots end to end 

Cakes and w ire bars arc also cast a crtically to reduce the amount of “sot ” surface 

•Prirr Trant An £7«<roe^»f)i. Sjw , a il 28 p 111 
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\yhen casting refined shapes the molds are painted wth bone ash. This gives 
a smoother surface than the pulverized silica used in the anode casting. For satis- 
factory work, the bone ash must be thoroughly calcined, be free from grease and 
organic matter, and must be very finely ground, 95 per cent to pass 200 mesh. It 
must be applied uniformly to the molds, or the excess will cause the bars to be pitted. 

When casting refined copper, great care must be used. If the mold is filled too 
rapidly, there will be a tendency for some of the copper to run up the side of the mold 
and set there. Excessive vibration of the casting machine has the same effect. 
Unless these fins are removed by chiseling before rolling, they will be rolled into the 
finished rod and cause trouble. Particles of ladle lining, charcoal, etc., are known 
as ^'fish” and are removed during the casting and before the metal has set by the use 
of a long-handled, flat-bladed tool. 

Over- and undersized bars are caused by the molds being out of level, warped, or 
by the carelessness of the operator in filling the molds. An oversize bar may cause 
trouble in the rolling mill by crowding the roll and thus producing a fin which is rolled 
into the product. Undersized bars cause no damage in the mill, but add to the 
expense of rolling owing to the shortage in weight, which requires more pieces to be 
rolled for the same tonnage. 

As the bars set, they are sprayed with water and dumped into a water-filled bosh 
to cool sufficiently to permit of handling and inspecting. The inspection is very 
rigid, and bad-looking bars are rejected and remelted. The bars that pass the inspec- 
tion are stamped with the furnace and charge number for future reference in case of 
complaint. 

The quality of the copper is determined by assay and by taking a sample for con- 
ductivity. While the assay will show the purity of the metal, which generally is 
about 99.93 to 99.96 per cent, the conductivity test is relied upon to show the physical 
qualities. Small amounts of impurities have, in general, a very marked effect upon 
the conductivity of copper, and while those elements which make copper brittle do 
not, for the most part, affect the conductivity to any great extent, their presence null 
be detected in drawing the wire for conductivity purposes. 

Treatment of the Anode Slime. — The anode slime contains all the silver and 
gold that is present in the anode, disregarding the insignificant amount lost in the 
cathode. It will also contain varying amounts of arsenic, antimony, selenium, 
tellurium, nickel, and a certain amount of copper, depending upon the degree of 
refining the anode. 

At the tankroom the slime is generally passed over a coarse screen to remove large 
pieces of copper, such as anode scrap and cathode nodules, and is pumped over to 
the silver refinery, where it is allowed to settle in tanks of large cross section. The 
supernatant liquor is decanted and returned to the tankroom. The first step in the 
treatment' is the removal of the copper content, wliich may vary from 15 to 50 per 
cent. There are several methods of accomplishing this. The earlier method was to 
agitate the slime with a mixture of sulphuric acid and niter in a lead-lined vat by means 
of mechanically rotated paddles, heat being applied by means of steam coils in the 
bottom of the vat. The niter oxidized the copper, which was converted into copper 
sulphate. ^Vhea the reaction was complete, the residue was washed and allowed to 
settle, and the liquor decanted and sent to the tankroom. The mud was then filter- 
pressed and sent to the refining furnaces. A modification of this process was in agi- 
tating the mixture by means of compressed air instead of the paddles. 

The serious objection tn the use of this method, aside from the expense of the 
niter used, was in the formation of large amounts of sodium sulphate, which went back 
to the tankroom with the copper sulphate, and increased the resistance and specific 
gravity of the electrolyte. In order to avoid this and to do away with the e.xpense 
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of niter, the ehmes are given an air roasting with siUphuric acid present, after which 
they are boded with acid to remove the copper sulphate This method has entirely 
supplanted the former one 

The slune is either spread in thin laj ers m trays or in a thm layer on the hearth 
of a roastmg furnace, and heated with a large excess of air to a point where oxidation 
occurs, but below the point where the slimea start to sinter The slime may or may 
not be rabbled during the roastmg, depending upon the existmg facilities for catching 
the flue dust that is formed "When no rabblmg is done, the tune for the oxidation is 
pecessardy of longer duration , a sulphuric-acid spra 3 ung may also be given When the 
roast IS completed, the slime is removed from the roasting furnace and conveyed in 
cans to the boiling tank, where it is boded with ddute sulphuric acid, which remoxcB 
the oxidired copper as copper sulphate It frequently occurs that m this boihrg a 
considerable amount of sdver goes into solution, and this must he precipitated bj’ the 
addition of the necessary amount of raw slime, the metallic copper of which reacts 
with the sd\ er The objection to this procedure is that an excess of the raw slime is 
generally added so that the finished slime contains more copper than is desired 
By any of the above methods the copper m the treated shme may be reduced to 
about 1 per cent, and the shme is then ready for the furnace treatment The furnaces 
used are generally small basic-lined reverb eratories, or else small basic-Iincd tilting 
furnaces, the latter being preferable on account of the smaller amount of prccioiio 
metal tied up in the furnace hmngs, an item of no small importance The fumatca 
may be fired by fuel oil, gas, or powdered coal 

The slune is charged into the furnace with a small amount of soda m order to thin 
out the slag formed on the meltmg dovm The shme readily melts, and during the 
meltmg a very fusible thm slag is formed, which is drawn off as it is formed, so as to 
keep the surface of the shme from bemg blanketed and slowmg down the melting 
When the charge is completely molten, further additions of soda are made and the 
charge is oxidixcd by compressed air through iron pipes inserted under the surface 
of the charge During this oxidation, the great bulk of the impunties are removed 
and the charge gradually assumes a metallic aspect "When the soda slag wdl reroor e 
no further impurities, the metal is cervered with niter and the oxidation continued 
This procedure brings the bath up to a good grade of dord, 980 to 990 silver plus gold, 
and the metal is then readj for castmg mto dort anodes The niter slags formed 
during the last operation are generally charged hack into the furnace with the suc- 
ceeding slimes, the soda slags bemg sent to the blast furnace for recovery of the silver 
and copper content, or treated for the recovery of tcUurimn before resmcltmg In 
some plants the soda slags are returned to the anode furnaces, but this practice is not 
to be recommended, as the various impurities in the slag enter the anode to a con 
siderable extent, thus making them circulate m the system and usually giving trouble 
with the solution of the anodes m the tanks 

The doT6, which is the name given to the high grade mixture of silver and gold 
IS then east mto anodes by the use of a hand ladle The anodes r ary in size at the 
various plants, depending upon the process for removing the silver For the a\ erage 
electrolytic process the s«e will be approximately 12 X G X H The anodes arc 
then sent to the partmg plant, where the silver and gold are separated For this pur- 
pose there arc two well-established processes in use at the present tune, the sulphuric 
acid and the electrolytic, described in Chap X 

Should there be platinum or palladium present in the dor^, these metals will accom- 
pany the gold The methods of extraction are chemical or electrolytic In the former 
the gold mud is boiled with strong sulphuric acid and a small amount of nitric acid 
4r niter, which dissolves practically all these metals The resulting solution is then 
passed over copper to precipitate the silver and the platinum and palladium Tl'C 
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resulting sludge is then dissolved in aqua regia, which dissolves the platinum and 
palladium but leaves the silver as silver chloride. From this solution the platinum 
and the palladium are recovered by the use of ammonium chloride and ignited to 
give a metallic sponge of a purity of 98 per cent or better. 

Metal Losses in Refining. — The question of metal losses in the refining of copper, 
with its accompanying silver and gold, is one of great importance. The sources of 
losses are numerous, and vigilant attention is required to keep them within proper 
limits. The usual sources of losses taken in the order the material passes through the 
plant are as follows; weighing, sampling, assaying, anode slag, anode flue dust, cathode 
loss, wire-bar slag, wire-bar stack, weighing, slimes loss in silver process, gold in fine 
silver, silver in fine gold. There are also certain other losses, such as those from solu- 
tion and theft. 

In weighing, considerable loss may be experienced through lack of proper care 
of the scales and careless handling of test weights. In the average plant these points 
arc generally given careful attention. A usual source of error in weighing lies in the 
taring of the cars carrying the incoming blister. These should be carefully tared at 
stated intervals and particularly after any repair work has been done on the car, 
no matter how slight. An error of considerable magnitude may be caused in weighing 
cars that are not properly protected from the wind while on the scale. 

Sampling errors may easily run into large figures, and every possible precaution 
should be taken to see that the best practice is in use. This is particularly important 
where the blister copper contains considerable silver and gold. The question of 
moisture in blister copper is important. The average copper is very porous and will 
absorb up to 0,5 per cent of moisture while apparently quite dry on the surface. A 
frequent source of error against the refinery lies in the occluded moisture from quench- 
ing the copper as it comes from the molds at the converters. This may amount to 
as much as 0.25 per cent and can be determined only by carefully drying the copper 
at a temperature sufficient to drive off the moisture, but not sufficient to oxidize the 
copper. 

In assaying, errors frequently occur through the laboratory using methods that 
give consistently low results or consistently high results. Unless the splitting limits 
arc quite close, so that such methods are brought to the front by tlie frequency of 
umpire assays, a serious error may be introduced. 

Anode and wire-bar stack losses will, to a large extent, depend upon the nature ol 
the material being treated in the furnace. The apparent magnitude is not largo 
judging from baghouse tests, particularly where, as is almost always the case, waste- 
Ucat boilers are installed. 

Anode and wire-bar slag losses may, and frequently do, amount to a considerable 
item. These slags will run in the neighborhood of 40 to 50 per cent copper and must 
be re-treated in a blast furnace for the recovery of the copper. It is necessary to slag 
off the silica content, and, as the slag from the blast furnace will contain some copper, 
it is apparent that the more slag made in the reverberatory furnaces the more, slag 
will be made in the blast furnace with its accompanying copper loss. This loss is 
particularly serious in cases where the refinery slags are treated in a black-copper 
furnace, as in sucli a case the resulting slags are v^ry much higher in copper with a 
correspondingly greater copper loss to the refinery. 

Cathode losses constitute one of the largest items of silver and gold losses in the 
process. There is alwa^’s a certain amount of anode slime floating in the electrolyte 
and, if the cathode is rough, a large amount of this may be cauglit and thus pass into 
the wire bars, where it is lost. This loss may be controlled by careful supervision over 
the factors affecting the cathode deposit, such as proper refining of the anode, current 
density, and rate of circulation. 
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In the treatment of the anode shme in the silver building there i 3 opportumtj for 
great losses in the furnace gases In former 5 ears these losses nere of considerable 
magnitude, and it is only wth the recent mstallations of the Cottrell system that their 
real magnitude has been appreciated At the present time wth properly designed 
Cottrell apparatus the losses from the silver refinery roaster and furnace gases haie 
been reduced to a very low point, though, even with this safeguard careful natch 
must be kept on every step in the process for unsuspected leaks that, m the course 
of a year, may be considerable 

In the production of fine silver there is always loss of gold due to the difficulty of 
keeping the gold mud completely out of the silver crystals Similarly, the refined 
gold always contams some silver The partial cure for such losses 13 in proper care of 
the dor6 anode bags so that the loss 13 reduced to a minimum 

The amounts of the losses in cathodes, silver, and gold are kept continually before 
the management through the daily assays, so that any tendency to go wild should be 
promptly discovered and means taken for correction 

Losses by theft may amount to a large item, particularly if there is much small 
stuff such as copper scrap or scrap wire received Such copper is easily carried out 
of the plant in dinner pads, clothmg etc , and a careful watch must be kept to keep 
this at a mmimum A thorough policy of prosecution when an emplojee is caught 
will go a great way to prevent simdar occurrences in the future 

In general, it maybe stated that in a well conducted refinery the copper losses will 
average about 7 to 8 lb per ton of cathodes produced Sdver and gold should break 
about even, provided the assays are uncoTiected, if corrected, the silver loss will be 
about 2 per cent and the gold loss about 1 per cent of the contents of the anode as 
these figures are the average corrections for the usual type of copper received by the 
refineries 

Properties of Refined Copper — The melting pomt of pure copper is 1083*0 , 
which may be shghtly reduced by the presence of small amounts of cuprous oxide 
The boding point is m the neighborhood of 2310°C , but experimental difficulties have 
prevented a precise determination 

The latent heat of fusion is 43 3 cal per g , and its specific heat varies with the 
temperature The Isational Bureau of Standards gives the latest determination as 
0 = 0 0917 X 0 000048(t - 25) 
where t is the absolute temperature 

The electrical conductivity of copper vanes greatly, depending upon the presence 
of minute quantities of various impurities The followmg tables compded from 
various sources, together with experimental work by the writer, show m a general 
way what may be expected It must be kept m mind, however, that the presence 
or absence of oxygen in the copper may greatly vary the results 'When the impurity 
13 in sohd solution, ita effect is generally much greater than if it is in some other form 
In these tables the ccmducUvity of pure copper is arbitrarily taken at 100 per cent 


r*» Cist 

Condvctivitt 
P* n CiMT 

Pkb Cbnt 

CoSDVCTlTITr 

c*«v 

Alummum 


0 050 

95 0 

0 000 

100 0 

0 100 

88 0 

0 006 

99 0 

0 250 

75 0 

0 050 

84 0 

Arsenic 

1000 

0 100 

67 0 

0 000 

Antimony 


0 005 

98 5 

0 000 

100 0 

0 010 

95 5 

0 020 

97 5 

0 030 

85 0 
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Per Cent 

Conductivity, 
Pe« Cent 

0.100 

75.0 

0.200 

60.5 

0.500. 

40.0 

Bismuth: 

0,000 

100.0 

0.005 

100.2 

0.010 

99.5 

0.050 

98.5 

Cadmium: 

0.000 

100.0 

0.025 

99.9 

0.050 

99.6 

0,100 

99.0 

0.250 

97.0 

0.500 

96.0 

Lead: 

0.000 

100.0 

0.050 

99,5 

.0.100 

99.0 

0.300 

98.5 

Nickel: 

0.000 

100.0 

0.005 

99.0 

0.010 

98.5 

0.100 

93.0 

0.400 

75.0 

1.000 

55.0 

Phosphorus: 

0.000 

100.0 

0.005 

100.5 

0.020 

96.0 


Per Cent 

CONDDCTIVITT, 

Per Cent 

0.070 

60.0 

0.150 

42.0 

Silver: 

0.000 

100.0 

0.100 

99.8 

0.500 

97.5 

1.000 

95.5 

Sulphur: 

0.000 

100.0 

0.050 

99.5 

0.100 

98.0 

0.250 

97.0 

Tellurium : 

0.000 

100.0 

0.010 

100,0 

0.025 

99.0 

0.050 

99.0 

0.100 

98.5 

Tin: 

0.000 

100,0 

0.050 

98.0 

0.100 

93.0 

0.500 

75.0 

Selenium: 

0.000 

100.0 

0.010 

99.0 

0.050 

98.5 

0.100 

98.0 

Zinc: 

0.000 

100.0 

0.050 

98.5 

0.100 

96,5 


The effects of tlie various impurities on the mechanical properties of copper may be 
summarized as follows: 

Arsenic toughens, hardens, and increases the tensile strength of copper when 
present up to at least 1.5 per cent. It will not impair the forging properties when 
added in amounts up to 0.5 per cent and invariably improves the forging properties 
of impure copper. 

Antimony hardens and strengthens copper, though not to the same extent as 
arsenic. It is not detrimental in amounts up to 0.5 per cent if other impurities are 
absent and the proper amount of oxygen is present. 

Bisimith has by far the most deleterious effect on copper of any imp\irity; 0.02 per 
cent makes copper red-short, 0.05 per cent makes it cold-short, and 0.1 per cent makes 
it very brittle. The injurious effects of bismuth may, to a certain extent, be counter* 
acted by the presence of oxygen. 

Cohalt is said to confer greater durability at high temperatures and toughens, 
hardens, and strengthens copper in the cold. 

Iron, when present in amounts in excess of 1 per cent, makes copper hard and 
brittle. 
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Lead when present alone in copper reduces the strength, ductility, and toughness 
of copper, as the latter has no solvent pov,er for lead The latter, therefore, honej- 
comba the structure more or less uniformly and greatly noakens it abore ordinarj 
temperatures In the presence of oxygen and arsenic, lead may occur to some extent 
without ill effects In the absence of oxygen and arsenic, 0 1 per cent lead will make 
copper unworkable, but with oxygen and arsenic present this amount is claimed to 
make copper roll better 

JVicM in small amounts — a few tenths of 1 per cent — imparts strength, toughness, 
and mcreased resistance to deformation at high temperatures In Germany, copper 
containmg a small amount of nickel is preferred to arsenical copper for the manufac- 
ture of Sreboxs beets 

Oxt/gen m commercial impure wrought copper is essential where the metal has to 
withstand repetition of small stresses, exposure to atmosphere, influence of corrosive 
agents, etc Its presence offsets the harmful effects of bismuth, lead, etc Copper 
contammg too much oxygen is cold short, and, if the oxygen is in great excess, the 
metal is also hot-short 

(Silicon, when added to copper in amoointsup to 3 5 per cent, increases the hardness 
and assists in the production of sound castings With 6 per cent silicon, copper is 
brittle A email amount of silicon, 0 1 per cent, added to copper will mcrease the 
fluidity of molten copper so that castings free from blowholes can readily be produced 
(Sifier in copper benefits its mechanical properties and has no effect upon its hot 
working properties 

Sulphur m copper forms a highly dangerous brittle constituent and is very detri- 
mental to the mechanical workmg of copper When present, its bad effects may, to 
a large degree, be counteracted by the addition of manganese or aluminum 

Oxygen-free copper (OFHC) having qualities supenor to regular fire-refined 
copper IS produced by a patented process developed by the United Slates Melals 
Refining Co In this process the last traces of oxygen are removed m the refining 
process, and the metal is cast m a reducing atmosphere 

Another tjpe of oxygen free copper is produced by first depositing a brittle 
copper cathode, which is broken into pieces of the desired size These pieces are 
briquetted b> compressing at a pressure of 20,000 lb per sq in The briquettes arc 
then sintered m a reducing atmosphere and pass to an extrusion press, from which 
solid metafile copper is produced m the shapes desired 

Electric melting of copper cathodes has been developed by the International 
Kickcl Co This company has installed electric arc furnaces which are continuously 
charged with cathodes and which produce finished shapes without the usual blowing 
and poling operations of the refining furnaces 
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REFINING OF GOLD AND SILVER BULLION 

By Elry J. Wagor^ 

Parting. — Gold and silver are so intimately associated in all classes of bullion pro- 
duced in either mining or metallurgical operations that refining processes must not 
only consider the elimination of the base metals present in the alloy, but also the 
^'parting,” or separation, of the gold and silver. This separation is effected by dry, 
wet, or electrolytic methods. 

The dry method is based on the conversion of the silver in the alloy to a chloride 
or a sulphide while the bullion is in a state of fusion. This principle finds application 
in the so-called Miller process, in which chlorine gas is passed through the molten 
metal, converting the silver and base metals into chlorides which pass off as fumes or 
are skimmed from the surface of the molten charge. The use of this method is, of 
course, restricted to bullion carrying limited amounts of silver. 

The wet method depends upon the solubility of silver and the insolubility of gold 
either in nitric acid or in boiling concentrated sulphuric acid. In practice, the 
sulphuric acid-parting process has gradually superseded the older and more expensive 
nitric-parting process. 

The electrolytic method is essentially a wet method, but is based on electrochemical 
ratlier than simple chemical reactions. Electrical energy is used to produce chemical 
changes by the passage of a current through an electrolyte. The Moebius, Balbach, 
and other silver-refining processes for refining bullion in which silver predominates 
in the alloy depend on the solubility of silver and the insolubility of gold at one elec- 
trode and a deposition of silver at the other under current action in a nitric electrolyte. 
The only differences in these silver-refining methods are certain mechanical variations 
and arrangements in the equipment used. The application of electrolytic parting to 
bullion in which gold is the predominant metal is found in the Wohlwill process of gold 
refining based on the solubility of gold and the insolubility of silver at one electrode and 
the deposition of gold at the other, under current action in a chloride electrolj’te. 

In this general outline of methods used in the parting of gold-silver alloys, detailed 
consideration will first be given to the Miller process, or the refining of gold bullion 
by the use of chlorine gas. 

Miller Process of Chlorination. — The equipment and the operation of the Miller 
process installation in the Royal Mint at Ottawa, Canada, are described by Messrs. 
Cleave and Bond.^ 

This plant operates 16 chlorination, 2 tilting, and 4 ordinary furnaces. The 
chlorination furnaces are of fire clay, cylindrical in shape, with an inside diameter 
of 9 in. and a depth of 18 in. This battery of furnaces is connected with a large flue 
chamber provided with a spraying system for washing and cooling the fumes developed 
m the operation of chlorination. Provision is made for the recovery of values in the 
water through which the fumes have passed in a series of filters and settling tanks. 
Chlorine gas is supplied from cj'linders housed in a brick leakproof closet. The gas is 

* Superintendent, Melting and Refining Department, U. S. Mint, Denver, Colo, 

^ Bng, ^fininQ Jour.'Prcss, Feb, 3, 1023. 
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conducted through a hcav^ lead pipe ctI ending along the top of the flue chamber nith 
a branch leading to each furnace fitted r^ith a ^ alve for regulatuig the flow of gas to 
the different units 

Claj crucibles are used has ing a height of Jn and a diameter at the top of 
in , tapering to 3)^ in at the bottom These are pros ided with slotted cos ers to 
aUow inserting and withdrawing the claj pipe stems, sshich are about 2 ft \n length 
and * 1 6 in in diameter In the operation of chlorination, the clay crucibles are placed 
inside graphite crucibles as a safeguard against leakage or breakage 

Bullion for treatment is first melted m a tilting furnace m charges of 7000 to 
8000 or After the chlormation equipment is brought to a red heat, COO to 700 oz 
of the molten bullion from the tilter is poured mto each crucible, sufficient borax 
basing been presnou**!} added to form a cover in m thickness Tlie pipe stems are 
forced to the bottom of the crucibles and held in position by clamps The gas is 
turned on slowly at first, and the flosv is gradual!} increased to the maximum si here 
no free chlorine is given off Tlie base metals are immediately attacked, and pass off 
in dense fumes which arc drawn mto the chamber through the furnace flues 

After the base metals has c been practically eliminated, chloride of sih er is formed, 
which floats on the surface of the gold beneath the borax cover WTien chlorination 
has been completed determmed b} a brownish stain formed on a cla} rod held in the 
fumes, the remaining silver chloride and other impurities are baled off The gold is 
then cleaned up s\ ith bone ash and poured into a mold, and the crucible is ready for 
another charge 

The time ncccssar} for the completion of the operation depcndi, of course, on the 
amount of eilser and base present m the bullion Bullion containing KW parts gold, 
150 parts eiher, and 50 parts base metal per 1000 requires IM hr for chlorination, 
and during this period it is necessar} to skim off the sUs er chloride formed three times 
to present it from overflowing the crucible 

The chlorides skimmed off during the operation are rcmcltcd m a No 45 graphite 
crucible, and soilium carbonate is slowl} charged m on the top of the melt Thw 
effects a partial reduction of the cliloridc to inetalhc silser, which, in settling to the 
bottom of the crunble carries with it the gold contained in the chloride The charge 
IS allowed to cool siilTiciently to solidif} tlic mclal and the still molten chloride is 
poured into shallow molds Tlie sd\ er containing the gold is cast mto anodes and 
rcfmctl bs the electrolitie Moi bins process 

llic chloride cakes are treatetl in a tank with hoilmg water to remose tlic base 
chlorides, and then placed in another tank m nlttmato la}cr8 with iron plates for 
reduction of the chtondo to metallic siher This silver will gomctimcs approxunalo 
a fineness ol 009 Tlie gold from this process will average 090 5 Bith a plant as 
outlined it is possible to product 250 000 oz of rtfined gold in a 48-lir week 

Sufjiliuric Acid Porting — TSiis process has been desenfaed in dctaif by Seftnab^J 
in Ins “Handbook of Metallurgy,' by T K Bose in “The Mctallurg) of Gold,' 
and bj others, and consisU essentiallj in four operations as follows (1) blending of 
the bullion to reqmreil fineness and pri paration for parting operation, (2) dissohung 
of the Biher b) Biilphunc acid (3) treatment of the residues for gold, (4) recox cr) of 
the silver from sulphate solution 

Blending of the Bullion —Tlie bullion must be blended or mixed m such propo*"' 
tion that a melt of prescnhcii weight must contain certain definite proportions of gol 1 
aihcr, and base metals llie mako-up \anes m diffennt plants, ranging from 2‘i 
to 4 parts of eih cr to 1 part of gold according to the amount of copper present Th® 
sulphates of the base metals present in (he bullion art onl} shglitl} soluble in con- 
centrated sulphuric acid, and care mast be exercLsed m keeping the ba-tr-mctal eontent 
within certain limits Tlie copper presint should ncxcf exceed 10 per rent, an I if 
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possible, should be kept under 6 per cent. Lead, up to 5 per cent, does not materially 
interfere with the process. The bullion is melted in graphite crucibles in melts of 
3600 to 6000 troy oz. 

In order to expose the maximum amount of surface to the action of the acid, these 
melts are either granulated or poured into thin slabs. Granulations are made by 
pouring the molten metal, in a small stream with a whirling motion, into large copper 
tanks filled with cold water. After pouring, the water is drawn off and the granu- 
lations are dried on heated trays of either copper or iron. Slabs for parting are cast 
into shallow iron molds % in. deep by 9 in. wide by 15 in. long. The advantage 
claimed for the slabs over granulations is in the less violent action of the acid, thus 
affording better control of the dissolving action. 

Solution of the Silver. — This is effected in cast-iron pots of fine-grained, compact 
white iron containing a small percentage of phosphorus or silicon. These pots are 
usually hemispherical in shape, 40 in. or less in diameter, with a to 2-in. wall. 
Covers, either of cast iron or heavy sheet lead reinforced with iron, are fitted to the 
pots with lead-pipe connection foi carrying off the fumes of sulphur dioxide and 
openings for charging with metal and acid. Dissolving kettles have capacities 
ranging from 3600 to 16,000 troy oz. 

For each part of silver in the bullion, 2 to 2% parts by weight of commercial con- 
centrated sulphuric acid, 66°B5., is added. Heat to facilitate action of the acid is 
usually applied by wood fire, and extreme care must be used in regulation of the tem- 
perature in controlling the ebullition. One-half of the total acid required is added 
at the start, and the remainder from time to time as the action warrants. During 
action, the charge must be stirred occasionally with an iron tool. The time required 
for complete solution of the silver varies from 6 to 12 hr., depending on the amount 
of base metal present and the care with which repeated stirrings are made. The acid 
vapors are led to a condensing chamber where particles of silver sulphate carried over 
may be deposited. SO 2 may be recovered in leaden chambers as sulphuric acid, 
ferrous sulphate, or hyposulphite. 

The reaction represented in the process would be 

Ag2 + 2H2SO4 = AgS04 + SO2 + 2H2O 

The base sulphates are only slightly soluble and, therefore, have a tendency to stay 
with the gold residues; their chemical reactions are, as a rule, quite complex. In the 
end, a small amount of cold acid is added to help clear the solution. The clear solu- 
tion of silver is ladled or siphoned into lead-lined tanks partly filled with hot water, in 
which the precipitation of the silver is effected. 

Treatment of the Residues for Gold. — Repeated boilings of the gold residues with 
fresh concentrated acid are necessary to remove the remaining silver and base metal. 
Often as man}'' as seven boilings are necessary. Residues are finally washed with hot 
water or hot dilute acid to remove the anhydrous sulphates. The gold is pressed, 
dried, and melted with a flux of niter and bone ash, and is cast into bars having an 
average fineness of 995. 

Recovery of Silver from Sulphate Solution. — Silver may be recovered from solu- 
tion by precipitation with copper, iron, or ferrous sulphate. The most common 
method is by copper replacement, in which the solution is brought to a concentration 
of 24°Bd. by steam, and silver is precipitated as cement silver on scrap copper placed 
around the sides and on the bottom of the tank, or, better, on slabs of copper hung 
vertically in the solution. After the silver is completely precipitated, it is allowed to 
settle and the clear solution siphoned off. The silver is removed to a wooden filter 
tank where it is thoroughly washed, .\ftcr pressing into cakes, it is dried and melted. 
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giving a product, after fluxing, 990 to 998 fine Further refinement, if necessary, 
may be accomplished by cupellation 

In the iron method of recovery, the silver sulphate is separated out in solid form 
and packed m layers aUematmg ^th layers of sheet uon This method is attended 
with much heat and considerable gassmg but is more economical The silvermay also 



Diagkam 1 —Sliver refinery flow sheet 


be recovered by miming a hot solution of fe jus sulphate through a filter containing 
crystals of sulphate of silver according to the reaction 

Ag,80, + SFeSOi = Agi + FejfSOO* 

The feme sulphate maj be reduced by iron and used again for reduction of the silver 
Where copper is u^ed for precipitating the silver the copper in the mother liquor 
may be crystallized as copper sulphate by alternate evaporation and crystallization 
on lead sheets suspended m lead-lined tanks 

Electrolytic Processes —Electrolytic methods of refining have to a large extent, 
replaced or supplemented the acid parting process not only in large-scale operatwos 
but also in the smaUcr plants, in private as well as govemmentoperated refinerie* 
The adiantages over acid parting ina> be summed up as follows (1) lower cost of 
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operation, (2) higher standard of refined product, (3) neatness of operation and 
absence of noxious fumes, (4) recovery of the platinum metals as by-products. 

The Moebius and Balbach systems of silver refining find application in the treat- 
ment of bullion ranging from a few points of gold (dor6 silver) up to 350 parts per 
1000; the Wohlwill process of gold refining, in the treatment of bullion containing 
850 or better of gold per 1000. 

The Moebius Process.^ — Wooden tanks of pitch pine may be used, thoroughly 
tarred to prevent leakage. These tanks, 2 ft. wide by 12 ft. long, are divided by 
transverse wooden partitions into seven compartments or units. In each compart- 



Fig 1, — ^Moebius cells. Anode shown at left. Stripping cathode at right. 


ment are suspended tliree rows of anodes and four rows of cathodes. The anodes 
are suspended in muslin bags or cloth frames which serve to collect the undissolved 
metals and prevent contamination of the deposited silver. The cathodes are thin 
rolled strips of pure silver, which are straddled by mechanically operated wooden 
scrapers remo\dng silver crystals ns fast as they arc deposited, and sendng to keep the 
clectroljdc uniform by gentle agitation. A removable tray is placed under the elec- 
trodes for removal of the silver, and all arrangements, electrodes, scrapers, etc., in 
each unit are carried on a frame and can be lifted togetlicr from the refining tank. 

The electrolyte is a weak solution of silver nitrate containing free nitric acid, 
though the operations may bo started 'with a dilute solution of nitric acid. 

In the treatment of dor(5 silver bullion the permissible current density varies from 
20 to 28 amp. per sq. ft. of cathode s^irfacc, and the potential across the electrodes, or 
of the unit, is 1.4 to 1.5 volts. At this density about 40 per cent of the daily output 

1 For n destcription of this process as practiced at Ikfaurcr, N, J., see Griswold, Eng, Miuxng Jour,, 
roh 107, p. 789, May 3. 1919. 
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of each unit is pcrmanentlj held in stoch in cathodes and electrolyte The energy 
consumption is 13 2 watt hr per oz of silver deposited 

The anode mud consisting of gold, some silver, lead as peroxide, and other msoluble 
metals, is removed periodically from the bags and after washing, is parted bj acid or 
other mean* 

The silver is deposited m a loose crystalline form easily removed from the cathode, 
although at lower current densities it is deposited in a more adlierent form An addi- 
tion agent as gelatm or glue m the electrolj te to harden the deposit, is effective onlj 
w hen the solution is comparatively free from base metals 

Balbach Process ‘—The electrolyte used in this process is the same as used in 
the Moebius but the anodes mstead of being suspended vertically in the electrolj te 
ore placed horizontally in filter frames or baskets supported on the edges of the tanks 
and the silver is deposited on a cathode fitted to the bottom of the refining cell or 
tank Ongmally this cathode was made of silver but the universal practice now is 
to use graphite plates, K m thick, cut to size to fit the bottom of the refining tank 
Contact with these plates is effected by use of silver candle-shaped contact pieces 
cast in a special mold, and in a similar manner electrical connection is made with the 
anode The anodes are cast in thin slabs and placed in the inusim Imed wooden 
frames or baskets with gnll bottom The insoluble residues accumulate on the 
underside of the slabs as the parting progresses, thus gradually increasing the resist- 
ance of the cell The deposited silver is removed from the bottom of the cell by a 
long handled scoop of wood or hard rubber, the anode basket being raised clear of the 
cell to facilitate the operation 

The dLstance between the electrodes is 4 in and the depositing surface about 8 SQ 
ft W ith a voltage of 3 8 per tank and a current density of 20 to 25 amp per sq ft , 
the energy consumption is 31 5 watt hr per oz of silver produced and 32 per cent 
(approximately) of the dadj output is held lu process in electrolyte and contact pieces 
No agitation or circulation of the electrolyse is required in this process 

A critical comparison of the Moebius and Balbach systems is made bj F D 
Lasterbrook * It is to be noted that the Balbach cell is simpler in its operation, hav- 
ing no mov mg pai ts Its energy consumption however is greater and its depositing 
surface per unit of fioor area is considerably less than that of the Moebius 

An innovation m silver refining was tried for some time m the Ottawa Mint 
in Canada and was described bj A H W Cleave * 

The cell made use of a rotating cathode and permitted a current density of 150 
amp per sq ft of cathode surface at a voltage of 2 5 without unduly increasing the 
temperature of the electroljde These cells were 36 in in diameter, and the elec- 
troly te was contamed m the annular space 8 in wide by 18 in deep between the outer 
and inner walls of the cell The cathode carrier w as supported at the center of the 
cell and vias revolved bj a shaft passing through this central hollow space The 
deposited silver was loosely adherent and w as automatically scraped from the cathodes, 
falling into removable trays from which the silver was removed every 4 hr 

An interesting comparison between the Moebius and the newer type of cell was 
given by Cleave * In spite of the apparent advantages, it is understood the newer 
cell w as abandoned 

The United States government m its Mint and Assay Service operates three elec- 
trolytic refineries All classes of bullion are received for refining, except that in w Inch 

« BJbach Ilrhnrry BJm CStm Ind \ ot 2 p 303 Taw ftoU EastCKobooK Chroi it" 
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the base-itietal content exceeds 800 parts per 1000, and electrolytic processes are used 
exclusively in the parting and refining operations, the Moebius and Balbach-Thum 
processes for silver, and the Wohlwill method for gold. Most of the refined silver is 
produced by the Moebius or "'vertical system” the Balbach-Thum or “flat cells” 
being used to supplement the Moebius-cell operation in treatment of the unparted 
anode remnants and bullion too base to be handled b}" the “vertical system/' 

The cells used in the “vertical system" are of vitrified acidproof stoneware, either 
of earthenware or domestic porcelain, 44 to 48 in. long, 24 in. wide, and 18 to 24 in. 
deep. The electrode supports are either hard-rubber rods reinforced by a steel core, 
or close-grained maple sticks, rounded on one side and painted with an acidproof 
paint. Half-round conducting strips of either gold or silver cover the top sides of 
the electrode supports and are fastened to bus bars placed along the edge of the cells. 
The distance between electrodes varies from 2M to 3 in. The anodes are east with a 
hole in the top and are suspended in muslin bags from the conducting supports by 
C-shaped hooks of gold. The cathodes are strips of silver rolled out to a thickness 
of He In. and bent over at one end to hang from the supports. 

The electrolyte is a 3 per cent solution of silver nitrate containing about 2 per cent 
of free nitric acid. It is kept uniform either by circulation effected by air lifts of hard 
rubber, forcing the solution from the bottom of the cell and discharging at the surface, 
or by gentle agitation furnished by glass propellers connected to a motor-driven line 
shaft. 

The first step in the operation is the preparation of the bullion for refining, the 
making of anodes for the refining cells. WhOe the process allows considerable latitude 
in the amount of gold in the anode, it is customary in practice, in order to sef'ure more 
uniform conditions in the cells, to make up anodes having a definite ratio of gold to 
silver. The usual make-up is an alloy containing 300 to 350 parts of gold per 1000 
with not over 100 to 150 parts of base produced by blending low-grade gold bullion, 
which cannot be handled directly by the Wohlwill process, with bullion in which the 
silver predominates. These silver anode melts of 4500 to 4800 troy oz. are melted in 
No. 100 graphite crucibles and cast into anodes of the desired shape and size. A 
tapering pin in the mold provides the hole in the anode used for suspension in 
the cell. 

A current density of about 14 amp. per sq. ft. of cathode is maintained, using a 
voltage of 1 to 1.3. Under current action, the silver and base metals are dissolved 
at the anode, the gold and insoluble residues remaining in the muslin bag in a brittle 
brownish-black condition resembling a poor grade of lignite. This “black gold," as 
it is called, retains the original shape of the anode, and when removed from the cells 
it is broken up to remove “cores" of unparted bullion which it sometimes contains. 
After a thorough washing with hot water, the black gold is dried and melted into 
anodes for treatment by the Wohlwill process. The fineness of these anodes depends 
not only on the quality of silver anodes from which obtained, but also on the current 
density used in the parting operation and the condition of the electrolyte. The fine- 
ness ranges from 800 to 900 parts of gold with 50 to 100 parts of silver. 

Pure silver is deposited on the cathodes in a crystalline form; this is scraped 
from the cathodes at inter^^als into porcelain jars. Crj'stals that fall to the bottom 
of the refining cells arc periodically removed and added to the cathode production. 
The collected silver is thoroughly washed ^vith hot water, in either porcelain filters or 
earthenware centrifugal machines. In the latter case, the silver is placed in an 
earthenware basket or rotor, lined vnih. 7-oz. cotton duck, provided with a series of 
channels at its periphery for carrying off the wash water. This basket makes 800 
r.p.m., and washing is effected very rapidly. After washing, the centrifugal is oper- 
ated for a time, drying the silver sufficiently to be removed and charged into the 
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crucible for melting If washing is done jn an ordinary filter, provision is Bomctimes 
made for drjing the silver crjstals in a steam drying oven The eiKer is melted m 
No 100 to 125 graphite crucibles in melts of 5000 to 5500 troy oz without the use of 
fluxes and cast into bars having an average fineness of 999 5 A cast-iron cover 
placed over the mold after pouring prei ents ‘spitting " of the sih er in cooling 

There la a gradual depletion of silver and ntid in the electrolyte as the base metals 
pass into solution at the anode, and tins must be taken care of by additions of strong 
silver nitrate and nitric acid The electrolj tc is tested at intervals to determine the 
extent of thts depletion Titrations are made with potassium thiocyanate using 
ferric sulphate as an indicator for sih cr determinations the acid being determined by 
potassium hydroxide aith methyl orange ns an indicator 

Ihe flat cells of the Balbach Ihum process used to work up the cores or 
unparted remnants of the bullion from the vertical cells, arc of brown earthenware 
39 in long 19 in wide and 12 in deep The tray or basket, in W hich is placed the 
unrefined bullion is either of earthenware or of wood If wooden baskets are used, 
no metal should be used m their construction Several thicknesses of filter cloth are 
needed in the basket as the parting is attended w ith considerable heat Connection 
13 made to the anode by a candle made up of a 50 per cent gold and 50 per cent sJier 
alloy which easily withstands the action of the current, and to the carbon plates or 
cathodes by long candles of fine silver Copper lugs are fastened to the tops of these 
candles for connection w ith the conducting cables The dwtance belw cen electrodes 
13 about 6 in and the depositing surface is 5 sq ft The resistance of this cell la high 
requiring a potential of 5 \olta to mamtam a current density of 14 amp persq ft 
No agitation or circulation of the electrolyte is needed 

The operation of these cells is similar to that m the vertical cells The silver is 
removed by long handled scoops of rubber or wood and added to the production of the 
other process and the ‘ black gold from the baskets is washed and melted into 
anodes for the gold cells Three or four of these cells will take care of the cores from 
16 vertical cells 

The electrolyte becomes foul mtimeandis drawn off, and the silv er in this solution 
together with the wash waters from the fine silver and black gold is recovered by 
precipitation on copper scrap as cement silver This recovered silver may be used m 
the making of strong silver nitrate for additions to the refining cells or in the make up 
of silver anodes 

A flow sheet of the Silver refining process (Diagram 1) outlines the general 
procedure in the government refineries 

WohlwiH Process of Gold Refining — The cells are of white Royal Berlin porcelain 
i6 in long by in wide by 12 in deep, inside, usually arranged in batteries of 
12 to 15 cells connected in senes One plant is successfully usmg cells of domestic 
porcelain 44 m long 24 m wide and 18 in deep Electrode supports are of porce- 
1am or hard rubber, steel reinforced rods or, where the larger cells are used, maple 
sticks painted with acidproof preparation are used As in the silver system these 
supports are covered with strips of gold for conductmg the current The anodes are 
cast with a hole in the top and suspended from the anode supports by C-shaped gold 
hangers or hooks They are cast m a shape to minimize the amount of scrap to be 
re-treated as shown in Fig 3 

While anode C seems to offer the smallest percentage of scrap for remeUmg a 
larger percentage of the anodes were broken when casting as the metal is often quite 
brittle At best, about 10 per cent of the metal treated m the cells is returned for 
remelting m the form of anode tops The tapering of the anode m its thickness 
permits of more uniform corrosion in the cell, the strongest action bemg at the solution 
Ime 
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The cathodes are strips of fine gold rolled out to a thickness of 0.01 in, and cut to 
proper length. One end is turned over to permit of hanging from the cathode support. 
These starting sheets are annealed to prevent warping or buckling in the cell, care 
being used not to soften the turnover which supports the weight of the deposited gold. 

The electrolyte is a solution of gold chloride containing 50 to 60 g. to the liter of 
gold, with 5 to 7 per cent of free hydrochloric acid. It is kept uniform in the same 
maimer as the silver cells, by circulation, by using an air pump, or by agitation fur- 
nished by glass propellers. 

The current used is a pulsating or nonsymmetrical alternating one, obtained by 
connecting a direct-current generator in series with an alternating-current source, 
which source may be either an alternating-current generator of proper voltage, or a 
high-voltage source stepped down by use of an induction regulator. The refining 
can be done by direct current alone, but the pulsating current makes possible the 



Tjg. 2. — Woblwill cells with glass-propeller agitation (foreground); Moebius cells (center); 

Thum-Balbach colls with candle connections (right). 

refining of gold bullion containing a higher percentage of silver at higher current den- 
sities and with less free acid. This current, its application and advantages, are 
described by the inventor, Dr. Emil AYohlwill.^ The electrodes do not change polarity 
unless the alternating current is greater than '\/l 5 times the direct current (Z. 
Elcclrochcrn.j Vol. 49, p. 471, 1943). 

In each cell there are three anode and four cathode supports. Three cathodes arc 
suspended from each support, giving a total depositing surface of 2.8 sq. ft. per cell. 
Tile depositing surface in the large cells mentioned is 10 sq. ft. The current densitj' 
used is 50 to 70 amp. per sq. ft. of cathode surface at 0.8 to 1.1 volts per cell, and the 
ratio of alternating to direct current is determined by the silver content of the anode. 

Under current action, the anodes that contain 8 to 10 per cent of silver arc dis- 
solved, the gold as well as the platinum metals together with the base passing into 
solution, while the silver is changed to insoluble chloride and falls to the bottom of 
the cells. Osm iridium crystals in the anode arc not affected by the current and fall 
with the silver chloride. An excess of silver in the anodes forms a coating of chloride, 

^ Che-m. JBnp , Yo\. 8, VebTuary, laiO. 
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As the base metals are dissolved at the anode, the gold content of the electrolj-te 
drops and it is necessary to add strong gold chlonde at intervals A rapid and fairly 
accurate method of testing the electrolyte is to precipitate the gold m 1 cc with an 
excess of ferrous ammotiiuTa sulphate and to determine the excess used by titrating 
back with potassium permanganate The ferrous solution is prepared bydissolvrag 
154 g of the salt m 500 cc of distilled water, adding 5 cc of concentrated sulphuric 
acid and diluting to 1 1 , 1 cc of this solution wiU pTCCipitate 25 mg of gold The 
permanganate solution I3 made up so that 1 cc will equal 1 cc of the ferrous solution 
by dissolving 12 3 g of the salt in 1 1 of distilled water 

In order to take care of the depletion of gold in the electrolyte, it is necessary to 
keep constantlj on hand a stock of strong gold chloride This chloride is made 
either by dissolving fine gold bars or granulations in aqua regia, or electrol 3 rticalIj , by 
passing a current through an electrolyte of concentrated hydrochloric acid using 
anodes of fine gold and fine gold cathodes suspended in a porous porcelain cell The 
porous cup prevents the deposition of the gold at the cathode, and the gold dissolved 
at the anode is retamed in solution In either method, the operation is carried on 
under a hood The resultant gold chloride has a strength of 375 to 450 g of gold per 
liter 

About 5 per cent of the gold treated falls mechamcally into the silver chloride 
slimes The reduction of the silver chloride is effected by use of granulated zmc in 
porcelain tanks, sufficient acid being present to start the action After reduction is 
complete the slimes are thoroughly washed m a filter or centrifugal machine and 
melted directly into anodes for the Biivet-refining cells These slimes will average m. 
fineness 250 to 500 parts gold, 30 to 40 parts base, balance silver, and m the melting 
sufficient gold or silver bullion is added as required to produce an alloy of the fineness 
required by the silver refining operations 

The gold in the spent electrolyte and wash waters is recovered by precipitation 
with ferrous sulphate or by scrap copper As gold so recovered is m a very fine state 
of divis on and difficult to melt and wash without loss, an electrolytic recovery is to 
be preferred This is accomplished by the use of a double-compartment cell in which 
a small cell is placed m the center of a large cell The inner cell is charged aith con 
centrated hydrochloric acid, while the foul electrolyte is placed in the outer cell and 
connection is made beta een the two solutions by a scries of short glass siphons rest 
ing on the edge of the inner cell The air is exhausted from these siphons, and the 
solutions enter, thus permitting a flow of current through the electrolyte Anodra 
of fine gold are suspended m the inner cell and gold strips m the outer cell Under 
current action, gold chloride is formed in the inner compartment and the gold in the 
spent electrolyte is deposited on the cathodes By regulation of the voltage, prac 
ttcaJJy all the gold in the foul eJectroJyte may be plated out and the gold bo obtained 
forma parts of the regular production of the cells One or two of these plating cells 
will handle all the foul electrolyte from 48 of the small refinmg cells and at the same 
time add considerably to the stock of strong gold chloride 

As the government has no interest charges to consider on metal held m process 
the noble metals are used for conductors, and the problem of securing good electrical 
contacts is in a measure eliminated 

A flow sheet (Diagram 2) show s the procedure m gold refining operations 

All the foul solution from which the silver and gold have been recovered is upmped 
into Urge wooden tanks contammg scrap iron, m which the copper la recovered a* 
cement copper, and any gold, silver, or platinum metals that have escaped the pr^ 
vious operations are rccov ered To recover the v alues in this cement copper, a sma” 
electrolytic copper plant is operated, producing pure copper and a sludge contaiawK 
the precious metals This sludge js a veritable dragnet of impurities, conlau«“K 
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besides Au, Ag, and Pt, the base metals Cu, As, Sb, Pb, Bi, etc. This is usually 
handled in small amounts in silver-anode melts and the precious metals recovered from 
the regular process. 

Platinum Metals Recovery. — The procedure for the recovery of the platinum 
metals in the government refineries is as follows: 

The foul electrolyte from the gold-refining cells is allowed to cool, thereby per- 
mitting the salts of silver and lead to settle. The clear solution is siphoned off, 
ammonium chloride is added with thorough stirring, and the yellow ammonium 
chloroplatinate is precipitated. After the platinum salt has settled, the solution is 
transferred to a stoneware tank for the recovery of palladium. 

This solution is electrolyzed, using an insoluble carbon anode and a refined gold 
sheet as the cathode. Under current action, chlorine is evolved at the anode and a 
flesh-colored salt of palladium is formed which settles to the bottom of the cell while 
the gold is deposited in a pure state at the cathode. The current during this operation 
is gradually reduced as the gold in solution becomes depleted in order to keep the gold 
deposit hard and prevent contamination of the palladium salt. The range of current 
density is 20 amp. to 2 amp. per sq. ft. of cathode surface. The electrodes are spaced 
2H to 4 in. apart. The deposited gold is added to the gold-cell production, while the 
gold remaining in the electrolyte is recovered by cementation on copper slabs. The 
remaining solution finds its way to wooden tanks where copper and traces of 
the precious metals are recovered by cementation on scrap iron. 

The platinum and palladium salts are washed with a cold saturated solution of 
ammonium chloride and dried. The palladium is very soluble, and great care should 
be exercised in the washing; the ammonium chloride should be freshly chlorinated, 
and only the bulk of the gold and copper chloride should be removed. 

Iridium is recovered from the iron skimmed from certain melts. These skimmings 
arc granulated and dissolved in hydrochloric acid to remove the iron. Further treat- 
ment of the residues is necessary depending on the metals present before using the 
usual peroxide fusion for recovery of the iridium. Crystals of osmiridium may be 
recovered directly in the gold-refining cells. 

Platinum Metals Refining. — Practically all the refining and melting of the platinum 
metals is performed at the United States Assay Office in New York. 

The usual procedure in refining crude platinum sponge is to redissolve in aqua 
regia, evaporate tlic solution to dryness to expel the nitric acid, dissolve the residue 
in water, and rcprecipitate the platinum with ammonium chloride. In large-scale 
operations, this is a long and tedious process, so the government refineries have 
developed an electrobi^ic method to effect a solution of the crude sponge. 

The crude sponge is placed in perforated stoneware cells or baskets that are sus- 
pended from the electrode support in an electrolyte of hydrochloric acid, contact 
being made by a hcav>" platinum strip fastened to the bus bar and penetrating the 
sponge. The cathodes are thin platinum sheets suspended from heavy platinum-wire 
conductors in porous cells of the same size and shape as the perforated anode basket. 
The electrolytic action dissolves the sponge at the anode, while the porous cup prevents 
the deposition of the dissolved platinum at the cathode. An alternate scheme, which 
also gives satisfactorj' results, is one in which a platinum sheet is placed on the bottom 
of the electrolytic cell, the crude sponge is placed on this sheet as the anode, and the 
porous cups in which are the platinum strips arc placed at the ends of the cell. Air 
is used for agitation of the electrolyte. Tliis solution from the crude sponge is 
evaporated on steam coils to remove excess acid, and filtered and ferrous sulphate is 
added to remove the gold. Tlie solution is carefully filtered again and the platinum 
again precipitated with ammonium chloride. Tliis precipitate should be freed from 
the filtrate ns soon as possible and washed until free of iron. The platinum salt is 
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dncd and ledaced to sponge by gentle heatmg \n a clay cnicible The lefimng » 
i amed on in batches of 1000 to 2000 troy oz , and the crude sponge can be raised from 
80 per cent to 99H Pef c<^et m one treatment as outimed 

The crude red salt of palladvum, after crashing, is treated with ammonium liydro\ 
ide until no more is dissolved, and after filtering, the yellon dichlorodiamme palladium 
js precipitated b5 cautiously adding hydrochloric acid until no more of the jelloii 
salt forms During this precipitation, great care must be exercised to prevent over 
heating, and an excess of acid should be avoided This yellow salt is drained, u ashed 
and rcdissolved with ammonium hydroxide and agam precipitated with hydrochloric 
acid It 13 then carefully washed on a filter, dried, and sponged in clay crucibles 
This sponge is ground and reduced by soaking in alcohol and bringing to a red heat 
in a carbon or graphite crucible fitted with a tight cover This sponge must be allowed 
to cool in the crucible Palladium hanng a purity of 90 to 99 75 per cent results 
An Ajax Northrop induction furnace is used m the melting of the platinum and 
palladium sponge, using a specially designed zireonium-oxide crucible Due to the 
high temperature and the thorough mixing action afforded by the mduction furnace, 
the metal ig considerably better for spinning than when melted by the torch method 
j\n excellent treatise on the purification of the platmum metals is furnished by 
Edward M ichers, Haleigh Gdehnst, and William Swanger ^ Further notes on the 
treatment of the platinum metals will be found m the last chapter, Mmor and Itare 
Metals 

lAI it ME TtcK Bull No 87, March 1928 



CHAPTER XI 

HYDROMETALLURGY OF GOLD AND SILVERS 

Occurrence of Gold, — Native gold is invariably alloyed with more or less silver, 
hut it is exceptional to find oxiy other metal in the alloy. It is found in veins associated 
with quartz and various sulphides— notably pyrite, pyrrhotite, galena, chalcopyrite, 
arsenopyrite, less commonly blende; sometimes with carbonates, especially ankerite; 
and small proportions of tellurides of lead and bismuth. Sometimes the metal is 
finely disseminated through such sulphides, sometimes deposited on the surface of the 
mineral particles in fairly large grains. One particular sulphide, e,g., chalcopyrite, 
may monopolize the gold. In the oxidized portions of veins the gold is often associated 
with limonite, and gold-bearing quartz often contains small proportions of copper 
carbonates and manganese oxides. Electrum, containing 35 per cent or more silver, 
is found only in the vicinity of silver mines. When gold is found apparently dis- 
seminated in igneous or metamorphic rocks, minute veinlets of quartz or carbonate 
usually accompany it. 

Gold telluride, usually containing silver and sometimes mercury telluride, occurs 
in veins of quartz and carbonate; when oxidized, the resulting native gold is often 
extrcmel}^ pure and finely divided and may be coated with tellurous oxide (mustard 
gold). 

The gold of placers or creek and river gravels is found occasionally in nuggets of 
large size, but more commonly in small grains, often water-worn; in some deposits a 
considerable proportion of the grains pass a 200-mesh sieve. The silver content aver- 
ages less than in vein gold, and it is, as a rule, easy to amalgamate. That from 
buried river gravels is similar, but often coated udth oxide or sulphide of iron. The 
gold of sea beaches is usually finely dmded or in thin scales. 

For metallurgical purposes gold has been roughly classified as 'Tree” or amal- 
gamable and "refractory”; "float gold” is fine and in a condition making it easily 
floatable on water — the telluride is also easily floated — "rusty gold” is coated with 
some mineral that retards amalgamation (usually oxide of iron, manganese, or tel- 
lurium); “encased gold” is completely enveloped in grains of quartz or other mineral 
and requires finer crushing to liberate it. 

Among the minerals sometimes mistaken for gold may be mentioned pyrite and 
marcasitc, and especially chnlcopju'ite. Grains of the latter, in polished faces of ore, 
often closely resemble gold in color and luster. Thin flakes of biotite and other micas, 
especially when partly oxidized, and other micaceous minerals, such as hematite and 
limonite, may also imitate it closely. 

In panning or concentrating, many people have boon misled by heavj" lead minerals 
of a yellow color, such as the molybdate, chromate, tungstate, and even the phosphate, 
but these are distingxiishablc under a lens or low-power microscope by their brittleness 
and transparency. Some of the numerous basic sulphates of iron are at times difficult 
to distinguish from gold when exposed on freshly fractured vein stuff. Particles of 
natural or artificial litharge, brass, or "spelter solder,” and even superficially oxidized 
lead alloys, sometimes bear an astonishing resemblance to gold. These, and specks 
of nuliye copper or copper from blasting caps, may find their wa^" into mine samples 
or drillings and be found in panning. 

* A re> Nion by the editor, in 1944, of the chapter contributed to the first edition by W. J. Shnrwood 

2S9 
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On the other hand, mustard gold, resulting from oxidation of telluride, may have a 
distinctly earthy luster, and gold of low fineness may be easily ov erlooked 

Native silver and the chloride characterise the oxidized zone of moat deposits 
Native silver, usually nearly pure, occurs m very fine particles, threads, etc , and some, 
tunes ui masses which may reach several thousand pounds weight In the hlichigan 
copper mines, pure silver and pure copper occur attached and mtergrown Some 
native silver contains a httle mercury Coarse lumps are best hand picked, but the 
smaller are concentrated, or amalgamated, and the fines cyanided 

The chloride (AgCl) is readily reduced to metal by contact with metolhc Fe, Zn, 
Al, or even Cu in contact with an electrolyte, and is then easily amalgamated by mer- 
cury Alkaline cyanide, or thiosulphate solution, dissolves it readilj , and also silver 
bromide and iodide, which often accompany it, strong solutions of chlorides have less 
solvent action 

The sulphide (AgjS) dissoh es m strong cyanide solution, but not in chlorides or 
thiosulphates It is slowly amalgamated by mercury when in contact with an elec- 
trolyte, and the action is facilitated by thiosulphates and copper salts, especially 
in the presence of metallic iron, etc When roasted it J lelda AgjSOi, which is some- 
what soluble in water 

The numerous complex sulphur arsenic and sulphur-antimony compounds of 
silver arc not so readily amalgamated unless roasted, they are decomposed by grinding 
with metallic aluminum and sodium hydroxide or carbonate 

Galena often contains silver in the form of sulphide, and the selemde (AgiSe) 
and occasionally the telluride (AgjTe) occur in small amounts m some gold and silver 
ores, and apparently in some copper deposits 

Gold and Silver Alloys — Pure gold la distmctly softer than silver, either is hard 
ened by the addition of a small proportion of the other, or of copper or other base 
metal In gold-silver alloys the maximum hardness occurs with about one-third 
Sliver Small additions of silver reduce the gold color materially, but affect the melt- 
ing point very little up to about one-third silver Electrun^ is gold, especially the 
native metal containing 15 to 45 per cent silver, rendering it pale Green gold is a 
similar alloy contammg about 10 per cent silver The red gold alloys contam copper 
Jewelers’ gold usually ranges from 18 (Au 750) to 10 k (Au 416) and frequently 
contains both copper and silver as aUo> The lower grades often contain some zinc, 
which helps to counteract the redness due to copper They are sometimes made by 
allojnng brass with gold but extreme care is necessary to avoid certain impurities in 
the brass or copper used, especially lead or arsenic, which cause brittleness British 
gold com 13 22 k (Au 916 6), but allojs as low as 9 k (Au 375) are recognized and 
hallmarked in England 

The proportions of copper and Silver are detennmed by the color of the gold desired 
Thus in 18-carat gold, 10>i per cent Ag and per cent Cu gives a dark tone, while 
14H per cent Ag and lOK per cent Cu gives a light tone to th» alloy The composi 
tions in the tablea on page 291 are approximately correct 

White gold is properly an alloy of gold with palladium, if legitimately stamped 18k , 
it will contam 18 parts gold (Au 750) and the remammg 6 parts are palladium, with 
usually a little sdver This alloy has a pure-white color and a high melting pow* 
Palau and rhotamum are similar A cheap imitation js produced by melting gold 
with a nickel aIlo> The mixture sold for producing “white gold ’’ by adding it to 

gold IS Cu, 55 per cent , Zn, 21 per cent, and Ni, 24 per cent A similar mixture for 
producing “green gold” is merely brass Cu, 67 per cent, and Zn, 33 per cent 

For soldering gold there are many recipes, the aim being to produce an alloy con 
siderably more fusible than that of which the object is made, but not differing much 
m color Many of these soldermg alloys contain a considerable proportion of zme 
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with copper, silver, and gold; wth copper, a considerable percentage of zinc does 
not cause brittleness, though the alloys are often extremely hard and difficult to 
roll. In recent formulas, cadmium is substituted for zinc. Such solders lose zinc (or 
cadmium) by volatilization when heated, becoming gradually less fusible. 


Carat 

Fineness 

1 Per cent 

i 

All 

Ag 

Cu 

24 

1000 

100 




22 

916 

91.06 

4.16 

4.16 

English standard 


900 

90 

5 

5 

Metric standard 

20 

833 

83.3 

8.3 

8.3 


18 

750 

75 

10.4 

14.6 

Dark 

18 

750 

75 

14.6 

10.4 

Light 

14 

583 

58.3 

25.0 

16.6 


14 

583 

58.33 

4.16 

37.5 


10 

416 

41.6 ' 

16.6 

41.6 




62-5 

22.5 

13-0 

Solder 



54.5 

31.75 

13.75 1 

1 

Solder 


The silver alloys are used for coinage, plate, solders, etc. 



Per cent 

i 

! 

' Ag 

Cu. 

Zn 

Sterling silver 

Pupee silver 

Standard silver 

Solder: 

Hard 

Medium j 

Pure silver 

Plate 1 

Chain 

Quick. 

Bureau of Standards . 

92.5 

91.6 

90.0 

50.0 
75 

72 

64.5 

62.5 
57 

40 

7.5 

1 8.3 

1 10.0 

13.2 

20 

28 

22.5 
31.25 

27.5 
14 

6.8 
! 5.0 

13.0 

6.25 

11.5 

6 

Melting point 778°C. 

Sn 4 per cent. For resoldcrmg 

Sn 40 per cent. Melting point 400°C. 


Aluminum forms a number of alloys with gold; one of these (AtiAlj, 22 per cent Al) 
has a remarkable purple color. The so-called aluminum gold is an alloy of copper 
with about 25 per cent Al, very slightly attacked by nitric acid, and closely resembling 
gold in color, but of low specific gravit 3 ^ 

Pure silver when melted absorbs oxwgcn from the air (up to twenty-two times 
it own volume) unless air is displaced by some other gas or the fused metal covered 
with borax, salt, or charcoal. On cooling to near solidification this oxygen is given off 
suddenly, the surface of metal sprouting or spitting. Small proportions of foreign 
metals usually prevent this. The oxygen is probably retained by fused metal as a 
suboxide, like that held by copper after solidification. Gold docs not absorb oxygen. 

Wien gold or silver containing a small percentage of lead is heated, or is kept 
just below solidifying point, a eutectic rich in lead exudes or liquates out; this often 
oxidizes, producing a peculiar ^'vegetation'* on the surface. This is due to formation 
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of PbO mixed with miaute globules of gold Cor silver) In extreme cases the entire 
afloy may form a soft cauIifioT\ er like mass 

The small proportion of silver allojed -svith native gold and mdl bullion 13 of some 
economic importance, usually more than covering cost of marketing refined bars 
Assummg silver at 50 cents per oz , the per cent of gross value due to silver is as 
follows 


Ratio ‘ j 

Percentage, 
silver value 

Gold 

Sliver 

900 

100 ' 

0 16 

800 

200 1 

0 32 

700 

300 1 

0 60 

600 

400 

0 95 

500 

»o 1 

1 43 


With silver at SI per oz , these figures nould be nearly doubled, and for other 
values nearly proportional 

A minute proportion of lead — less than 1 part m 1000 — makes gold brittle, espe- 
cially when hot This seems to be due to a highly fusible eutectic, which can be seen 
between the crystals of pure metal in a polished and etched section Similar effects 
are produced by Bi, Te, Sn, Sb, As while Zn and Cd in fair proportions yield less 
brittle alloys Annealing removes brittleness due to traces of Pb, not that due to 
Bi or Te Silver is similarly affected by most of these elements 

Tellurium renders gold extremely fusible, on heating in air the telluriuin is slonly 
volatilized or oxidized, leaving bright globules of gold still retaining some tellurium 
Cold combines or alloys readily nith tellurium, and with [ustble metals generally, 
forming fusible alloys, it is not attacked by the vapor of selenium or sulphur Silver 
IS at once attacked n hen heated in the vapor of S, Se, or Te, forming AgiS, AgiSe, 
or AgiTc, like gold it alloys readily with fusible metals 

Gold resists all single acids, but is readily attacked by a<iua regia, the most efiectne 
proportions are 1 part nitric to about 4 parte strong hydrochloric acid, anj mix 
ture of hydrochloric acid with a nitrate, nitric acid with a soluble chloride, or sulphuric 
acid with a nitrate and a chloride similarly attack it It 13 very slowly acted upon by 
hot solution of ferric chlonde Moist chlorine gas converts gold into AuClj Silver 
combines superficially with Cl, the AgCl then protecting the metal unless removed 
by some solvent For this reason Au Ag alloy s are not dissolved completely by aq,ua 
regia unless the AgCl is removed from time to time from the surface by scourmg or by 
some solvent, such as ammonia, cyanide, or hyposulphite 

Gold chlonde solutions (AuCb, HAuClj, NaAua^, and other chJoraurates) are 
reduced to metal if evaporated and gently heated, and are also reduced to metal by 
nearly all reducing agents such as base metals generally, SOj and salts of Fe' and Sn'. 
Sdver la readily dissolved by nitric or hot sulphuric acid, NO or SOj beuig evolved, 
but resists most others Silver nitrate, sulphate, and chlonde are not readily decom- 
posed but may be heated without decomposition, they are easily reduced to metal by 
contact wrth base metals, Zn, Fe, Cu, etc 

Paitmg —The cupellation of lead removes it as oxide, together with other base 
metals, leaving gold and silver Silver-bearing lead may be enriched by the Pattmson 
process, in which crystals of pure lead are removed, leaving the more fusible eutectic, 
the proc«8s being earned on in stages and the ennehed lead finally cupeled Sdver 
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and gold may be more readily removed from lead by the Parkes process, in Avhich a 
small percentage of zinc is added which, on cooling, crystallizes and rises (zinc being 
insoluble in solid lead), carrying up the precious metals as a crust, which is removed 
and refined.^ 

Gold and silver arc separated or parted by means of nitric acid, NO being given off 
and AgNOj formed. This requires the ratio Ag : Au to be at least 2:1, though 3 : 1 was 
formerly preferred. Hot sulphuric acid also dissolves silver away from gold if the 
proportion of silver is large enough, SO2 being evolved. Gold containing relatively 
little silver must have silver (or in some cases base metal may be used) added to 
reduce the gold to such a proportion that it will not protect the silver from attack. 

It is preferable to use the Wohhvill process, electrolyzing the gold in a solution of 
HAuCU + HCl, with gold cathodes, an alternating current being sometimes super- 
posed upon the high-density direct current used. Silver remains insoluble as AgCl. 

Silver containing but little gold is electrolyzed in a slightly acid solution of silver 
nitrate, with a silver or carbon cathode, leaving gold insoluble; this is used in the 
hlocbius and Balbach-Thum processes. 

The following tabulated data are of value in connection with the refining or gold 
and silver: 



Gold 

Silver 

i 

Copper 

Melting point, degrees centigrade 

1063 

1 

1 961 

1083 

Specific gravity 

19.3 

10.5 

8,95 

Specific volume (cubic centimeters per gram) 

Cubic inches for 1,000 troy oz. = 1,898/sp. gr, . , 
Cubic inches for 100 lb. avoir. = 2,770/sp. gr. . ,i 

0.0518 

98.3 

143.5 

0.0952 

180.8 

263.8 

0.1117 

212 

309.5 


In' an alloy containing G per cent gold, C per cent Cu, and per cent Ag, the 
specific gravity is very closely 

100 

0.0518G -h 0.0952/S -f 0.1117C 

Cementation is an ancient method of freeing gold from silver and base metals. 
Tlic metal was first granulated by pouring into water, or beaten into thin plates. It 
was then placed in crucibles with a large proportion of aluminous earth and heated; 
silver, etc., was slowly oxidized (or possibly converted into sulphate or sulphide) and 
absorbed. Most recipes, however, include common salt and burned clay or powdered 
brick, tile, etc. Wlien heated in contact with these, silver chloride is formed, fused, 
and absorbed. Gold treated several times in this way (‘‘seven times tried in the fire' • 
was rendered nearly pure. 

Sulphur or pyrite was also used; heated in sulphur vapor, most of the silver and 
copper form AgjS and CusS, which can be mechanically removed. 

In and Fhm parting, an alloy, containing at least 50 per cent gold, was heated 
in a crucible with 3 parts antimony sulphide, and poured into a mold; the gold, alloyed 
mth antimony, etc., is found at the bottom and easily separated from the layer of 
“plachmnT' above it. Thb gold alloy was then fused n*ith 2 parts antimony sul- 
phide, and the product again witli 1 part. The process was repeated if necessary until 

‘ s«c pp. 201 to 20s. 
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enough silver had been removed, vrben the gold Tras finally melted with borax and the 
allojed antimony oxidized by a blast of air 

In the sulphur-litharge process {Pfannenschmted) a granulated alloj , rich m silver, 
was heated with sulphur, yielding AgiS, m which gold is dissemmated To collect 
the gold, a small percentage of litharge was added, yielding a fusible lead-silver 
alloy, which earned down most of the gold, a second or third treatment removed prac 
ticallj all the gold Metallic iron w as sometimes used mstead of litharge to reduce a 
portion of the silver and collect the gold Reduction of the remaining sulphide yielded 
a fairly pure silver 

Gold bullion, rendered bnttle by Te, Bi, Pb etc , may be softened by throwing 
a little HgClj on the fused metal, also bj adding sohd AgCl or AgjSO«, by stirring 
with Cl gas or an air blast, stirring with NaHS 04 , NaNOj, or MnO» is also effective 
More or less silver may be removed by these methods, especially by Cl or 
NanS04 

Recovery of Gold and Silver — All gold and silver ores yield a high percentage 
of their precious metal when smelted with lead or copper ores, and an almost com 
plctc saving of them is effected m refining the lead and copper recovered A large 
proportion of the silver of the w orld, and a considerable amount of the gold, is thus 
obtained as a virtual bj product from the smelting and refining of lead and copper 
ores, including some zinc-lead and zinc-copper ore Some of this precious metal 
comes from concentrate, some from siliceous ore used as flux, comparatively little 
true gold or silver ore is directly sold for smelting Smelting charges and deductions 
on the full weight of ore, with the cost of freight and loading often make it advisable 
to adopt some method that may be far inferior metallurgically, as regards percentage 
recovery, but that puts the precious metal in a form m which it is more readily salable, 
such as bullion or rich precipitate 

Outside of smelting and refining the present-day metallurgy of gold and silver may 
be summarized under three heads mechanical methods (concentration, flotation, and 
blanketing, etc ), amalgamation, and the cj anide process Chlorination of gold and 
hyposulphite leachmg of silver ores were practically superseded by cyaniding by the 
j car 1900, chloride volatilization and other promising processes have not yet assumed 
commercial importance The products of concentration and flotation may be either 
smelted with lead or copper ore or may themselves be treated by amalgamation or 
cyamdation Each of the latter processes consists of five essential steps 

Amalgamation 

Comminution of ore 

Brmgmg ore in contact with mercury (and with chemicals m the case ol 
silver mmerals) 

Separating amalgam 

Retorting amalgam to remove and recover mercury 
Melting and refining the crude bullion from the retort 
Cjamdation 

Comminution of ore (often combined with auxiliary processes of amalgamation, 
concentration, or classification neutrahzatioti, or w ashing out soluble salts) 
Dissohmg gold and silver 

Separation of solution from ore, and w ashing residue 
Precipitating gold and silier from solution 
Refining precipitate and melting bullion 

Tlic treatment of placer deposits is a special case of concentration, often combined 
with, amalgamation 
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pEncENTAGES PRODUCED BT DIFFERENT PROCESSES IN THE UNITED STATES 

{Mineral Resources, U. S. Bureau of Mines Yearbook, 1940.) 



Gold 

Silver 

1936 

1937 

1938 

. 

1939 


1936 

1937 

1938 

1939 

1940 

Placers, mainly dredging 

23.9 

24.6 

27.9 

28.6 





m 


Amalgamation 

27.1 

25.3 

23.1 

21.1 

19.7 

0.7 

0.5 

0.4 



Cyanidation j 

18 8 

119.3 

22.6 

22.3 

21.4 

4.1 

4.3 

7.0 

7.1 

7.5 

Smelting ore and concentrate 



26.4 

28,6 

27.9 


95.0 

92.4 

92,2 

91.9 


In South Africa about 65 per cent of the rocover 3 '‘ is b 3 ^ amalgamation, 35 per cent by C3"anida- 
tion; on the M3'Sore Field, India, nearb’' 90 per cent by amalgamation. 


PeHCENTAGES BT WEIGHT FBOM VARIOUS SoUBCES IN THE UNITED STATES 



Placers 

Dry or 
sili- 
ceous 

ores 

Cop- 

per 

ores 


Zinc 

ores 

Copper- 
lead and 
copper- 
zinc ore 

. 

Lead- 

zinc 

ores 

Total 

ounces 

Gold. 

1906.... 

28.24 

63.17 

5 77 

1.29 

0.02 

1.26 


4,703.000 

1907.... 

28.22 

62.11 

6.44 

2.56 

0,14 

0.05 


4,227,500 

1914.... 

25 30 

66.56 

6.00 

1.69 

0.04 

0.01 


4,418,000 

1915.... 

22.66 

67.57 

7.22 

1.78 

0.10 



4,754,500 

1920.... 

25.3 

63.93 

7.18 

1.96 

0.15 


1.32 

2,383,000 

1921.... 

28.89 

[ 66.02 

! 2.25 

2.64 

0.003 

mm 

mm 

2,346,000 

1940.... 

31.0 

55.5 

11.2 

0.36 

0.003 

2. 

00 

4,869,949 

Silver; 

1906..,. 

0,30 

29.27 

27.69 

26.72 

0.17 

11.88 

3.97 

57,362,450 

1007.... 

0.24 

36.27 1 

26.58 

32.99 

0.18 

0.93 

2.81 

52,497,060 

1914.... 

0.22 


21.30 

27.72 

0.21 

0.36 

10.24 

'69,623,200 

1915.... 

0.21 


25.96 

27.40 

1.57 

0.33 

9.00 

72,353,700 

1920.... 

0.13 

36.22 

21.49 

30.19 

2.23 

1.18 

8,56 

56,536,900 

1921 .... 

0.18 

i 

51.88 

10.36 

32.30 

0.01 

0,97 

4.30 

46,171,300 

1940.... 

0.28 i 

40.5 

29.0 

i 

4.4 

0.03 

24.2 



Tho commercial ratio between the values per ounce of gold and silver was about 
15 to IG from ISOO to 1873; since 1873, the annual average lias ranged from 18 to 
nearly 40. One of the largest producers turns out about a ton of silver per day; one 
of the largest gold mines has for years yielded a ion of fine gold per month; the Value 
of the silver is much less than that of the gold. 

To generalize roughl}', a gold deposit, under extremely favorable conditions, may 
be profitably dredged when containing only 1 part in 10 millions, or 11 cents per ton; 
1 part in a million assures a reasonable profit in a placer. A gold ore containing 10 
parts per million ($11 per ton), while of low grade, is assuredly profitable if not too 
small or unfavorably situated; and half or even one-third of this value may be payable 
if very large and othenvisc advantageously situated. Silver ores begin to be of com- 
mercial importance when containing about 100 parts per million, or 3 oz. perHon. 


















29G 


NONTERROVS METALLURGY 


When associated with commercial ores of copper and lead, they are e'^tractaWe at 
negligible cost and in such cases smelters usually pay for over 0 025 oz Au or 1 oz Ag 


W'oRLD pRODtrenov OF Gold and Silver, 1939 
Reported by U S Bureau of Mines and Director of the Mmt 


Source 1 

Gold, oz 

1 Silver, Oz 

United States 

5,559,139 

57,808,000 

Canada and Newfoundland 

5,114,692 

24,584 689 

Mexico and Central America 

1,017,623 

80,668.824 

North America 

11,691,454 

163,061,513 

South America 

1,776,661 

31,651,087 

Europe 

5,644,143 

21,861,870 

Asia 

2,657,687 

22,386,996 

Africa 

15,510,377 

4,618,209 

Oceania 

2.210,346 

1 14,621,894 

Total 

Total United States production 1792-1940 

39,489,668 

258,101,269 

262,487,295 

3,650,909,393 


Gold in Sea Water. — Gold and silver have long been known to exist m the waters 
of the ocean, and occasional projects are brought forward to recover the gold The 
statement of Sonstadt that the gold in sea water is “less than 1 gram per ton" is 
often interpreted as meaning at least 1 gr The actual average is probably Jess than 
)4o grain or Jfo cent per ton, and entirely below the present economic limit for 
extraction. Dven at this low estimate, the aggregate amount m the ocean (esti- 
mating the ocean at about 320,000,000 cu miles, each of 4,(100,000,000 tons of water} 
13 enormous 


Metalluroical Systems 

Most of the modern metallurgical schemes for gold and silver ores are covered 
by the following outlme 

1. Prcliminarj breaking by crushers of jaw or gyratory tjpe 

2. Crushing 
Dry: 

By rolls or disks (with or without screens to return ov ersize) 

Wet: 

Stamps alone 

StaTOT® loftowcdhy 

Ball mills or rodl , ,, , , 

mills f foUowedby 

Heavy stamps w ith 1 Chileans, ball m ills, 
coarse screens / or rod mills 
The rotary mills are generally run in closed circuit with classifiers 
Dry crushing 

Followed by ejaniding (with or without preliminary water or alkaline wash) 
VTel crushing 

In water (with or without amah Draining orl 

gamation or concen- dew atenng [cy aniding 
tration) I 

In cyanide solution with or without amalgamation or concentration 


S pchhle mills 
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With special reagents followed by cyaniding (such reagents as H 2 SO 4 , SO 2 , or 
aeration in presence of lime)« 

3. Treatment of crushed product: 

Straight cyanidation (with or without prior amalgamation), and either without 
roasting or after roasting to destroy carbonaceous matter or sulphur compounds. 
Concentration (with oT without amaiganvation) by tables, vannors, corduroy 
blankets, canvas, or flotation. 

Concentrate; 

Smelted, or sold to smelter. 

Cyanidcd (intensively), raw’ or after roasting. 

Amalgamated, then cyanidcd. 

Tailing: 

Discarded, if crushed in rvater and low grade. 

Cyanidcd. 

In case of cyanidation of original product or of tailing there is: 

Classification into sand and slime (with or without partial regrinding). 

Sand: 

Leached with cyanide solution. 

Slime: 

Discarded, if crushed in water and low grade. 

Cyanidcd, by agitation or in filter press. 

All-sliming: 

Cyanided, by agitation or in filter press. 

4. Separation of cyanide solution from ore or tailing: 

Filtration: 

Gravity (sometimes aided by vacuum) for coarser leached products. 

Vacuum or pressure (in basket filters for fine products, intermittent). 

Vacuum with rotary filters (continuous) sometimes in scries. 

Pressure in filter presses (intermittent). 

Decantation: 

Intermittent, after settling. 

Continuous, with intermittent or continuous final filtration. 

Continuous countercurrent, with thickeners in series, with or without final 
filtration. 

5. Precipitation of gold and silver from cyanide solution (preferably deaerated by 
vacuum treatment, and clarified if necessarj'’) : 

Zinc shaving in boxes wdth compartments for upward flow. 

Zinc dust in filter presses. 

Aluminum dust in filter presses. 

6. Refining precipitate: 

Preliminary acid treatment for removal of zinc, etc. (often omitted), or calcination. 
Direct fusion with fluxes in crucibles or on hearth. 

Lead refining: briquetting or mixing with a litharge-borax flux, fusing on rever- 
beratory hearth or in blast furnace, foUow’ed b 5 " cupellation of rich-lcad bullion. 
Treatment of by-products usually necessary. 

Generally, removal of free gold at an early stage of treatment tends to minimize 
the dissolved gold discharged with residue or tailing. On the other hand, in ^'all- 
sliming^^ thd cyanide process is simplified by omitting amalgamation. If coarse 
gold is not amalgamated, it must be removed by mcclianical methods or ground suffi- 
ciently fine to ensure rapid dissolution. Sonic Canadian plants arc giving a bulk 
flout imv to the ovauide tailings in a circuit somewhat acid with SO 2 . The 
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concentrate is roasted to produce further SO», and then cjamded The process js 
said to jueld a profit on a 30 cent tailing * 

MECHANICAL TREATMENT* 

Mechanical Separabon 

Alluvial Concentration — In handling alluvial material the mam problem is to 
get nd, at the first opportunity, of most of the boulders and coarse gjavel, mthout 
losing any of the gold ongmallj adhering to them and to dismtegrate rapidlj and 
completelj an) lumps of sticky claj that would carry fine gold further down the 
bIuiccb or even into the tailing It is not generally desirable to crush anj of the 
pebbles 

In hj drauhe w ork. the coarse gravel ninnmg down the sluices does much of the work 
of disintegration and the coarser portion is removed when desired by means of "under 
currents" or grirrlics of steep grade, w hich allow the finer material to pass through and 
conduct it to boxes or tables wherB conditions are more favorable for settling After 
passing over the gnzily the coarse gravel may be discarded or returned to the mam 
stream 

A revolving trommel with lifters, and furnished with ample water sprajs, is an 
ideal device for performing these operations on a large scale, and is now standard 
practice for dredges, the pebbles acting as disintegrators By graduating the diame- 
ters of the holes to suit the material handled, a comparatively uniform discharge may 
be obtained tbrougbout the length of a trommel, hut by far the largest part of the goid 
passes the holes near the inlet end Shaking screens have been used but consume 
too much power One of the older "cement nuUs” for bard gravel was virtually a 
large trommel built of railroad or T iron Another cement gravel mdl la a pan with a 
stout vertical shaft carrying agitatmg arms, and fed with water, accumulated coarse 
rock bong discharged at intervals by opening a door in the side or bottom 

In small operations, the same results are achieved by using a rocker with punched 
screen, fed a few pounds at a time, or by shoveling into a sluice box, at the head of 
which IS a screen or set of bars over which the material maj bo manipulated by a sluice 
fork or shovel 

The length of wooden sluice boxes is standardized at 12 ft , and a grade of 6 m 
means frin per box, or about 4 per cent, the width varying with the load For small 
scmiportable boxes, the upper end of the bottom is sawed 2 or 3 in wider than the 
lower end, so that they fit closely one in the other 

In large hj drauhe w ork boulders of several tons weight may enter the sluices and 
must either be carried through or blasted or lifted out, such sluices require stout 
Imings of wood or steel 

'Various types of rif&e material have been used cross-grain pine blocks, iourKIj 
squared, or flat-lying blocks up to 4 X C in , either form being separated bj small 
strips of wood or bits of rock, boulders or roughly squared rocks peeled pine poles 
planks mortised or bored, or iron blocks cast with channels or pockets, and railroad 
steel 

llunganan nfiles are strips of wood from about 1 to 1 5 in square up to 2 X 
laid crosswise with about equal spacing, they arc often undercut on the downstream 
side, and have tops sloping upward RTicn subject to heav) wear, they are covered 
with strips of iron or steel, manganese steel being most durable Bj attaching them 
to longitudinal strips they form frames readily removed A similar riffle for dredg« 
IS built of IH* or in angle steel riveted to G-ft strips of the same material, the 

t iriafnr • r«bni*rir ISil p 73 

» AUo •« CcneCBtrUioft, p 13* tn vU« fir»V eninW Pr nclplM »nd I 
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angles arc opened about 10 or 15 deg. above a right angle and point downstream. 
Another effective sluice lining is coconut matting covered with expanded metal (steel 
lath). 

A special study of riffles for heavy work was made by P. Bouery at La Grange, who 
successfully used 40-lb. steel rails on 5-in. centers, resting on 2 X 6 in. pine strips set 
edgewise mth spacers. He recommends invariably placing riffles crosswise A 
riffle of manganese steel designed by Bouery for severe hydraulic work consists of 
riffle proper, spacers, and lockers; when worn, these can be used as liners. 



Fig. 1. — Hungarian riffles. 


Fig. 2. — Bouery steel-rail 
riffle at La Grange. 




Fio. 3.— Bouery patent manganese steel 
riffle. 



Fig. 4. — Railroad rail riffle with manganese 
protecting rails, at La Grange. 


In cleaning up a sluice, clear water is run for some time; then, beginning at the 
head, the riffles are removed section by section, the dirt washed off, and the deposited 
gold washed down to the next section, where it can be scooped up into buckets. It is 
then taken to a point where it can be panned or treated in a rocker or special sluice 
to concentrate the gold fiuthcr, and separate it from the accompanying black sand. 


BisTniBUTioN" or Golp is Selected Sluices at La Grange (P. Bouery) 
(Boxes 1 to 4 were filled with pebbles, etc.) 


Box 

number 

Ounces of gold 

Total 

ounces 
per 12-ft. 
box 

n 

B 

+100 

mesh 

ESI 

+200 

mesh 

--200 

mesh 

5 

45. S 

50.7 

1.3S 

n 

0.31 

1 .45 

100 

e-16 

IS.O 

S3. 3 

2.33 


0.31 

0.S3 

43-108 

22 

1.73 

20.22 

3. OS 


0.25 

0.G2 

26.2 

4S 

O.IS 

2. IS 

l.OG 


0.05 

0.16 

4.15 

SS 

O.OIS 

0.12 

0.47 


0.020 

0.005 

0.65 

136 

0 

0.053 

0.027 


0.011 

0.01 

0.14 
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Diedges — The diedges now m general use have elose-eonnected buckets of 
5 to 15 cu ft capacity and are built of steel or wood, digging to a depth of over 80 ft 
below the surface of the pond or stream in which they float 

The buckets discharge into a long revolving screen or trommel running at a grade 
of 5 to 10 per cent ton ard the stern, where the coarse material passes to the stacker, 
while the finer portion goes to the gold saving sluices and may then be run out directly 
or may go to a second stacker The land is usually left in a valueless condition, but 
resoihng is possible by the use of multiple stackers 

The screen may be cylindrical or stepped in diameter, it should have a baffle at 
the end of each section and must be well braced In a large dredge it may be 10 ft 
in diameter b} 50 ft or more, with a peripheral speed of 150 ft per min The perfora- 
tions should be adapted to the material handled, one example has openings % in 
at the upper end mcreasing to ^ in at the discharge, another in increasing to 
in The stacker belt may be up to 4 ft wide, of eight-ply rubber, and wiU nor- 
mally last a year or more An internal spray pipe runs the full length of the screen, 
and two or more smaller ones outside, these must have an ample supply of water to 
wash the gravel and carry the fines over the sluices 

The sluices may be in one senes or in two decks 4 or 5 ft apart They are usual!} 
about 30 m wide, running crosswise of the deck at a slope of IK t® IH m ff 
(10 or 12 per cent) and then turning aft Much the largest portion of the gold is 
caught in the first few feet of sluices, Jamn meDt.on3 a 6-ft dredge with 1457 sq ft 
of sluice area, catching 89 per cent of the total recover} in 292 sq It , or one-filth of 
the total area For more clayej material the area was increased to 3900 sq ft One 
15-ft dredge had 8000 sq ft of sluices m two decks, m another case 4500 sq ft in 
♦wo decks was found needlesslj large for a 15-ft dredge diggmg 600 cu yd per hr 
The head tables are usually kept covered with hcavj screen to prevent theft 

A considerable saving is made on the save all, a small sluice catching the drip 
from the descending buckets and discharging through the hull, and in the nugget 
catcher — short, steep senes of riffles over which the fines from the extreme end 
of the screen pass 

In some cases, as on the \ ukon, no mercury is used, and the first section of each 
sluice IS covered with coconut matting and expanded metal The matting is taken up 
daily, folded, and washed, and the washings are passed over a special set of riffles 
ITie product is cleaned by panning and finally by dry blowing, wfflie the tailing goes 
back to the mam iifSe system The nffles in the lower sections of the sluices are 
cleaned up at intervals of a week or two 

In California, mercury is more general!} used, up to 3000 lb weekly on the larger 
dredges and up to 1000 on the smaller The loss of mercury in a 6-month campaign 
may range between 1 and 5 per cent of the total used IVhen cleaning up at intervals 
<5 a week or two, the nffies are 'lilted out, section "by section, and washed ofi wAh-fe 
hose, and the dirt concentrated by temporary stops placed in the sluices The con 
centrate thus obtamed is shoveled out and washed in a small sluice box the product 
screened, and the fines run through an amalgam barrel with a little additional mercury 
Sometimes a trough is inserted below a stop to divert the material being washed 
down into a clean up box, about 2 X 3 X 1 ft deep havmg several centerboard mcr 
cury nffles, the tailing from which passes through a sluice with expanded metal riffles 
and back to the mam dredge sluices 

In many localities, considerable quantities of lead shot, nails, and miscellaneous 
metallic scrap may be separated in screenmg the product, and this material may 
retam more or less amalgam and necessitate working over 

The “black sand” obtained as a by-product in cleaning up placer sluices often 
contains platinum metals ui small proportions, as well as some gold, much of the gold 
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and platinum may be recovered by treatment with a suitable concentrator. The 
Senn machine has been found well adapted for this pairpose. 

Dry Concentration. — clean-up of placer material is often finished dry. After 
removing the coarsest portion with a sieve, the remainder is “tossed’^ or jigged dry 
in a pan or shovel, using a circular motion ; the sand thus brought to the surface is then 
blown off. The tailing thus obtained often contains fine or ^viky gold. 

Dry washers or concentrators are used under desert conditions. The success oi 
all these devices depends on the material being perfectly disintegrated and thoroughly 
dry; clay, especially, must be pulverized. Several different principles have been 
applied: 

1. Winnowing, by letting material fall vertically through a horizontal blast of 
air, which is either constant or rapidly pulsating. The wind is often utilized, and the 
gold caught on a sheet of canvas, but some efficient machines, as that of Edison, have 
been devised on this principle. 

2. Passing the material over an inclined table covered with cloth, supported by 
wire screen through which a pulsating blast of air rises; the table may be fixed or 
oscillating, and is provided with low riffles. 

3. Passing material over a reciprocating table of the Wilfley type, having a tight 
cover near the surface, a blast or numerous parallel blasts of air passing parallel to 
the surface under the cover. 

4. Sized material is allowed to fall on a horizontal rapidly rotating disk (as in 
the Pape-Henneberg system), the particles being thrown to distances varying with 
their specific gravity. 

Black Sand. — ^The treatment of the black sand or concentrate obtained from beach 
or alluvial deposits is usually crude and unsatisfactory. This material actually 
varies much in color; it often consists largely of magnetite and ilmenite, with other 
heav^' minerals swch as garnet, tinstone, columbite, or tantalite, and occasionally 
metals of the platinum group. The gold is retained by, but rarely contained in, the 
sand particles. The black sand separated by ''blowing” at the final stages of a 
cleau-up may show gold values up to SI per pound. 

Magnetic concentration is rarely of use, as much of the fine precious metal may 
be picked up mechanically with the magnetic concentrate, while in some cases some 
of the valuable materials arc strongly magnetic. In some river gravels, and such 
beach sands as the Nome deposit, preliminary separation by 30- or 40-mesh, or 
finer, screens allows all the gold to pass and retains only pebbles of extremely 
low grade. 

There is no apparent reason why black sand thus concentrated, or recovered from 
sluices, etc., should not be successfully treated by cyanide solution, after removing 
coarse gold by riffles or amalgamation. Early experiments are said to have failed in 
precipitation by zinc, but laboratory" tests show no cause for difficulty. 

Blanket Concentration. — Woolen blankets liavc long been used for catching gold 
at Brazilian mines, wlicrc mercury is sickened by bismuth and tellurium minerals, 
and they wore introduced into early Californian and Australian mills and have been 
used in mills treating the richer Cripple Creek ore. They are generally laid over- 
lapping on inclined tables, the pulp flowing over them for an hour or several hours, 
when they are folded, replaced by fresh blankets, and the accumulation washed off 
in a tank. 

In 1918, corduroy was used to replace copper plates in the Van Ryn (Rand) 
stamp mill after adoption of coarse crushing (but not in the tube-mill section); the 
concentrate (0.27 lb. per ton milled, containing 2.1 per cent gold) was ground in a 
barrel with mercury, then passing to a mechanical batea. The loss of mercury in the 
barrel was only 0.01 oz. per ton milled. 



302 


NONFERROUS METALLURfn' 


In 1923, P 'WartenTreiler announced the total elimination of plate amalgamation 
m two Band mills, Moddericmtein East using Sire overlapping rows of corduroy strips, 
which caught, respecti\ ely, 80, 11, 4, 3 and 2 per cent of the total catch The area 
of corduroy was 1 26 sq ft per ton milled daily, and this might have been reduced 
neatly SO per cent without serious detriment The product (1 8 lb per ton milled) 
was saved by hand washing, but washing machines might be used, it was treated on a 
WaOey, and this concentrate amalgamated in a barrel, yielding 94 per cent of its 
gold content, 9S per cent of which was free Corduroy and wool blankets w ere found 
equallj effective, but corduroy gives a less bulky concentrate, and the lock up of gold 
IS very small Canvas gave a still smaller bulk, but caught only 75 per cent as much 
gold, riffles uere only 57 per cent as effective r 

Canvas concentrabon, as practiced m California, is particularly adapted to catch- 
ing extreme!} fine free gold, galena, and telluride which occur in unsized pulp, and 
was originally suggested bj Brazihan practice It has been successful in treating 
tailing that has passed vanners etc , and still carries 50 cents to $1 per ton * 

Heavy canvas is laid on a carefully built wooden floor, usually m strips about 22 in 
wide, occasionally up to 6 ft , with strips of pme about 1 X 3 in between for walking 
on They are usually 12 to 16 ft long and mclined 1 to 1 5 in per ft , but have been 
made much longer and inclined ^ or m Dressed 1 m lumber la used, free from 
knots, preferably tongue and grooved, laid on inclmed joists, and most carefully 
leveled Tivo launders supply pulp and clear water at the head, one across the foot 
carries off tailing, and another beyond it the concentrate After the pulp has run 
about an hour, the feed hole is plugged on two sluices and the clear water turned on, 
washing the hght sand from the canv as into the tailing launder As soon as the con 
centratc in the first sluice is clean, a board or iron sheet is turned or shpped under the 
lower end of the canvas to convey the stream to the concentrate launder, and the 
concentrate is sluiced down by a small additional stream from a hose with flat nozzle 
or 13 slightly swept down with a broom Two sluices are thus idle during cleaning 
one sluicing and the next washing The concentrate passes to a senes of settling 
tanks, the last being provided with baffles The product is fine, with httle sulphide, 
often over 90 per cent gangue, usually $30 to $100 gold per ton, hut sometimes much 
richer The use of burlap m the tailings launders of Utah Copper to catch some gold 
minerals has already been commented on — 30,000 sq ft is used for 24,000 tons of 
tailing per day and the burlap is burned monthly 

Important points are perfect adjustment of slope on substantial foundations 
equal distribution of pulp and avoidance of overload and dry epots, ample water 
supply, ample time and space for settbng concentrate Old canvas needs less water 
than new, producing less but richer concentrate it may be turned when one Side 13 
worn smooth, and is at its best when the original fuzz has just disappeared If * 
plant 13 shut down, it i3 advisable to keep the canvas wet or remove it and toll it up 

AMALGAMATION 

Amalgamation- — Pure gold foil annealed by gentle heating is instantly amal- 
gamated if brought into contact with clean mercur} at room temperature H 
hammered repeatedly, or if previously heated to the point of fusion, it is less ca'ilj 
amalgamated, silver and silver gold alloys are also less amalgamable, and it » nfccv 
eary to rub or scour copper with sand, or to treat it vnth acid or ft cyanide solution 

« The UM of htintete cloth aaef nfiSce for fold end other minersl* i» deocribed in AgnciiJe » 
tin see cepccielly pp 300 317 338, end 331 of Hoover a tranxlation rr»et!ee#tOf*M Valley Coll 
it ifeaenhed by J A. Pbillipe, and tfetallurey of Gold and Silver 

rftce Stosaa, £ne YoL 601 p. 20 4tl 466 July 13 Nov 9 and 16 1895 raa«o'< 

California Gold hliU PraeUcea Bull 6 Califoraia Sute ttmeralocut 
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to ensure aroalgamation of the surface. Even when amalgamated, the mercury does 
not penetrate copper appreciably; gold is much more readily penetrated, and silver 
slowly. Gold and silver, if covered vdth a film pf grease, oxide ‘of iron, or tellurium,' 
or of a sulphide, no matter how thin, refuse to amalgamate until the film is abraded 
mechanically or removed by a suitable solvent. 

Similarly, coatings of oil or oxide on mercury, and especially the conditions known 
as ^'flouring'' and ^'sickening, effectually prevent amalgamation of gold. This 
result may often be obviated by the addition of a little sodium amalgam, or by elec- 
trolysis (making the mercury the cathode), but too large a proportion of sodium may 
result in amalgamating iron and any other base metals in contact with the mercury. 

Flouring may be brought about by agitating mercury with water or ore pulp and 
a trace of oil, or by distilling it from a retort containing a little grease or paper; in 
extreme cases it forms a mass of microscopic globules, like flour or white grease, 
which refuse coalesce. Sickening is a similar, often indistinguishable, condition, 
induced by chemical means, as when the globules are coated with a film of oxide, 
sulphide, or chloride of the mercury itself or of some base metal contained in it. It 
may be caused by agitating mercury with finely divided, partly oxidized sulphides, 
or by perchlorides of iron, mercury, copper, or other persalts of these metals plus NaCl. 
Any appreciable impurity in mercury is usually recognizable by the globules losing the 
spheroidal form and acquiring a tail. 

The extraction of gold from ore by amalgamation was practiced to some extent in 
ancient times, but no details of the methods are known. In the Middle Ages, rich 
ore and concentrate were ground or rubbed with mercury in wooden bowls using iron- 
shod mullers rotated by crude machinery. Later, batches of ore were groimd fine 
with mercury in the arrastra, using stone drags on a stone-paved bottom. In recent 
times the amalgamation of gold has been almost entirely associated with the develop- 
ment of the stamp mill. 

Three variants may be noted: inside amalgamation proper, in which a copper plate 
is inserted in the front of the stamp mortar, and sometimes a second inside plate at 
the back, mercury being fed with the ore at intervals varying from 15 min. to 2 hr.; 
outside amalgamation, in which all the reliance is placed on amalgamated copper 
plates outside the mortar, on which mercury is sprinkled from time to time; and an 
intermediate system, in which the mercury is fed into the mortar but no inside plates 
arc used. 

Disregarding the crude nonrotating stamps of earlier periods, gold milling since 
1850 has included the following: 

1. The light (500- to 750-Ib.) stamps of early Californian and Australian practice, 
used three to six in a battery. The mortars w’cre of various patterns, often low iron 
troughs wdth built-up housings of wood or sheet iron. The screen was often punched 
sheet iron or copper. 

2. Wide mortars, supposed advantageous for amalgamation, used with stamps of 
700 to 850 lb., and of high form. These rarelj^ crushed 2 tons per stamp day, often 
only 1,25 to 1.5 tons through a 40-mesh or finer W'ire screen, usually brass wire, or 
punched tin plate. A drop of 6 or 7 in., ninety to one hundred times per minute, 
was common. 

3. The extremely wude mortar characteristic of Gilpin County, Colorado, vdth light 
(600- to 700-ib.) stamps of high drop (about 18 in.) and only 30 per minute, was 
supposed to have special virtue as an amalgamator. 

4. The extremely narrow, high-form mortar, usually associated with Homestakc 
practice (1876) and designed for rapid crushing. An 850-lb. stamp at 88 drops of 
10 in. crushed over 4 tons daily through a diagonal iron or steel slot screen equivalent 
to 30 mesh. Its crushing efficiency has led to the wide use of this pattern and vari- 
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alions of it adapted for lieavirr stamps The narrow form is not necessarily mimical 
to amalgamation, as it has not been uncommon to find over 50 per cent of the total 
recovery m the mortar, collected almost entirely on the narrow (5 or 6 m ) chuck 
block plate 

5 The more recent heavy stamps, in American and especially' in African practice, 
which have ranged from 1200- to 200^1b weight, about 1500 Ib being perhaps more 
generally preferred These have tended constantly toward coarser crushing, with 
screens approaching ^ m m aperture, the product of over 10 tons per stamp passing 
to rod nulls, ball mills, or pebble mills W ith the heavy' castings, long heads, etc , 
necessary for heavy weight, the open-front mortar has been revived, and the coarse- 
ness of crashing has encouraged the abandonment of inside amalgamation 

Five stamps per battery was early recognized as standard practice, mortars dis 
charging m front only, and fed with Challenge feeders Two-stamp mortars have 
been little used except for prospecting, but excellent results may bc^ obtained with 
them and with some of the one-stamp mills, of which the h»issen is probably the best 
This has been made of 2000'lb falling weight, w ith a circular mortar half surrounded 
by screen Some others have screen on three of the four sides 

Steel-wire screen is now much used, with either square or rectangular openings, 
often slothke, with double wires m one direction and heavily crimped In fine 
crushing, sheet steel is often used, pimched with diagonal slots ^ m long, or thin 
tinned iron plate with round punched holes The modern screens are almost always 
set vertical 

In place of a long line-shaft drive, one electric motor now usually drives 10 light 
or 5 heavy stamps, by a built-up wood pulley 7 or 8 ft m diameter wuth a 14- to 
18-m belt, the shaft running m plain cast-iron bearings without cover Wrought- 
iron camshafts are preferable to any steel ordinarily obtainable The cams are 
preferably attached by the Blanton self-lockmg device, which allows of easy removal 
all the cams bemg interchangeable in position 

The standard cam curve is the mvolute of a circle, the center coincident with the 
camshaft axis and the radius the distance from the axis to the central plane of the 
stamp stems The involute gives uniform speed of lift, but strikes the tappet with a 
sudden jar, and the curve is often much modified at root and tip The gib tappet 
may have two or three key s The usual order of drop is 1, 3, 5, 2, 4 (identical with 
1, 4, 2, 5, 3), the only combmation possible if no adjacent stamps drop consecutively, 
but 1, 5, 2, 4, 3 ( = 1, 4, 2, 3, 5) is also used, and occasionally others m which one 
adjacent pair drop consecutively Any tendency to bank sand at one end of mortar » 
usually overcome by gmng the end stamp a sbght increase in drop Various forms of 
guide are used but generally have cast iron liners m place of the w ood formerly used 
For stamps from 800- to 1500-lb weight the following table gives the range of 

Thn>hsi3s*i%'dicraitiTfLfuwjs'Viii5'grei^u'et'i'infgt'i/iTia.’%’if-'iscd. 

for heavy stamps m South Africa and India The percentages are based on falling 
weight with new shoes 



800 to 1,500 lb , 
per cent 

l,250to2,0(KHb, 
per cent 

Stem 

1 42-44 

47-28 

Tappet 

16-13 

10-14 

Boss 

26-28 

22-40 

Shoe 

17-14 

20-13 
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The corresponding cam weight ranges from 25 per cent with light, to 20 per cent 
with heavy stamps, all being about 32 in. across tips. The camshaft ranges from 
(for 10) 30 per cent above the falling weight for light up to 50 per cent above for heavy 
stamps to 6^^ 6 in* by 14 to 16 ft.) ; stems increasing from 3 in. at 800 lb. to 4 in. 
at 900, and usuallj^ 14 ft. long; shoe diameters 8.5 in. up to about 900 lb., and 9 in. 
above that. 

Mortars are always of the high form, of heavy cast iron, generally with front 
entirely open, but variously proportioned. Reinforced concrete is now in general 
use for mortar supports, with an intermediate cushion of wood and rubber or belting. 
The ends and back of mortars are often protected by liners of chrome or manganese 
steel. 

Battery water should be supplied at the rear of the mortar at two or more inlets; 
the ratio of water to ore stamped has varied widely, ranging from 2.5 in occasional 
Californian mills to 10 or 12 in former Homestake practice, high crushing duty and 
amalgamation being obtainable at both extremes — 5 to 8 is generally preferable. 
With plate amalgamation, the water and grade must be sufficient, and the distribution 
of pulp over the topmost plate even enough to produce uniform waves and avoid 
building up islands of sand. For successful amalgamation the temperature of the 
feed water should be uniform, and neither extremely cold nor hot. Practically all the 
energy expended in crushing reappears in the increased temperature of the pulp, which 
is of importance in cold climates. 

Amalgamatiou. — Mortars formerly had inside plates both front and back 6 or 
8 in. wide and extending across the full length; the back plate has been discarded and 
the front plate — usually about 5 or 6 in. by 14 in. thick — is attached to the chuck 
block immediately beneath the screen; even this is now obsolescent and is seldom used 
with heavy stamps. 

A ^*lip plate” is sometimes attached outside the mortar, extending across the 
discharge and 1 to 2 ft. wide. The main apron plate may be in one unit or more, 
each 4 to 5 ft. ^vide by 8 to 12 ft., of 18-in, soft-rolled copper. In successive units, the 
width should be maintained or increased. Long plates are usually set in an unbroken 
sheet of 8 to 24 ft., but some operators claim an advantage in cutting them into 2-ft. 
lengths, set with a drop of an inch or two at each step ; the long plates are easier to clean 
and care for. Plates of Muntz metal have been used in New Zealand and elsewhere 
with apparent success; at several mills in the United States they have been a total 
failure. The plate table is best built of tongue-and-grooved lumber, 1.5 or 2 in. 
thick, until 2-in. sides, and may be made adjustable in slope. Planed cast iron 
has been used. The plates are secured by screws or copper nails, and cleats are often 
added at the sides. If divided longitudinally into two or three runs, it is easy to 
clean one run at a time without stopping the battery. 

The inclination of plates is best kept from 1.5 to 2.5 in. per ft. (12.5 to 20 per cent) 
depending on the proportion of water, fineness of pulp, and proportion of hea^’y min- 
erals, but extremes of % in. up to 3 in. per ft. have been used. The plates are usu- 
ally placed close to the mortar, but sometimes the pulp is transported some distance 
and then redistributed over a plate system. This sometimes results in large accumu- 
lations of amalgam in pipes or launders. 

Silver plating of the copper plates is advantageous, except wdth rich ore, and in 
the case of the plate next the mortar; about 2 oz. silver per square foot is a suitable 
amount, or soft silver amalgam may be rubbed on the plate. In ^setting” new 
copper plates, about oz. mercury per square foot is requisite, and this should be 
applied by scouring with wet sand and a little weak solution of sodium cyanide. 

Various amalgam or quicksilver traps have been used, but there is probably' noth- 
ing better than a shallow transverse trough or riffle about 2 in. deep and 4 or 5 in. wide 
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at tlie loot of the plate table The accumulated concentrate from this may be col 
lected daily with a small scoop and earned in buckets to a central point, where it can 
be run over a special plate or riffles, or ground in a pan or small ball mill 

Many mechanical amalgamators have been devised and used, such as horizontal 
rotatmg cylmders Imed wnth copper, or provided with copper wings or lifters or 
arrangements of honzontal disks or shelves rotating on a vertical axis, scries of shelves 
of sheet copper, etc The Pierce amalgamator is probably the only one of these to 
show greater efficiency than a plain plate Numerous electrolytic devices have also 
been used, as w^ell as sodium and ziac amalgam, to mamtaia the surface of mercury 
in a bright condition 

It is remarkable that gold or amalgam, while escaping all the contrivances arranged 
to catch it, often accumulates m unexpected places, such as angles of cones, sumps and 
launders, the rakes of Dorr classifiers, and on the runners of high-speed centrifugal 
pumps All such places should be inspected from time to time, and any tendency to 
build m launders should be encouraged by placmg riffles suitably safeguarded 

Plate Area — The relation of plate surface to stamps and stamp capacity vanes 
remarkably in the practice of different fields Some extreme cases ma> be noted 




Approximate 

j Square feet 



percentage 

plate 

area 


of product 

per 

per ton 




amalgamated j 

stamp 

per day 

Treadwell, Alaska — 880 stamps 

1904 

60 

9 

2 

Homestake, Amicus mdl, 240 i 

1910 

70 1 

62 1 

13 6 

S D stamps 1 

1923 with tubes 

66 

43 3 

7 8 

Pocahontas null, | 

1910 

70 

32 7 

7 5 

160 stamps 1 

1923 

66 

18 0 

3 6 

South null 120 1 
stamps 1 

1923 with rod 1 
mills 1 

66 

25 6 

1 C 

Rand, South Africa — Typical mill with tube mills 

65 

10 

1 2 

Ooregum, India — 55 stamps, 1923 with tubes 

88 

1 

20 

1 

2 2 


With the revival of blanket practice the tendency is to reduce plate area still 
further 

boss of Mercury — In gold amalgamation, an ounce per ton was not an uncom 
mon loss m early practice, and occasionally much higher losses were recorded, but 
this has been much reduced. At the TceadweU. mvnea shortly before abandoning 
amalgamation, the loss varied from 0 06 to 0 OS oz per ton with ore from $I 60 
to 32 50, at the Homestake, 0 06 oz was lost with low-grade oxidized ore, and 0 17 oi 
with $5-orB containing sulphides, and a similar range has prevailed m South Africa 
At Modderfontein. East, amalgamating corduroy concentrate, about 005 o* ** 
reported 

Among the principal sources of loss are drops running from the end of plates kept 
too "wet,” and flourmg 

Outside plates usually have the amalgam removed once every 24 or 48 hr bj wash 
mg off sand and then brushing thoroughly after sprinkling with some additional mer 
cury The amalgam may then be collected at one spot by means of a stiff brush or 
cloth, or a rubber scraper, and transferred to an iron kettle Any hard crystallm'* 
accumulations should be carefully scraped off before they become persistent Wdk a 
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properly organized system the entire time consumed is about 1 min. per stamp per 
day. In many mills the plates are also “dressed'' or brushed up at intermediate 
periods, and may be sprinkled ^xiih mercury at the same time. Inside plates are 
usually removed for cleaning about twice a month, a clean plate being exchanged for 
the one taken out. The entire mortar is cleaned out about once a month, or whenever 
dies are taken out. 

The actual absorption of precious metal into the body of a copper plate is neg- 
ligible, but the accumulation on the surface may amount to many dollars per square 
foot if accretions of hard amalgam are allowed to build up, as they sometimes do, to 
a thickness of >8 in. or more, thus t>dng up an important amount of gold. In some 
mills this layer is softened by the occasional application of steam or hot sand, which 
facilitates its removal by scraping, but it is better to avoid this condition by daily 
removing hard accretions. Absorption only occurs when the rolled copper plate has 
capillary openings, such as minute cracks or pinholes. 

Amalgam obtained from plates, etc., is cleaned by grinding with water and addi- 
tional quicksilver, the floating impurities being wiped from the surface with a sponge, 
or in small lots by pouring from one vessel to another, when pyrite, etc., adheres to the 
moist vessels. Metallic iron is removed by a magnet. Small lots are ground by 
hand with a pestle and mortar of iron or wedgwood ware; on a larger scale the amal- 
gam, or accumulated cleaning, is treated in a miniature iron tube mill, or a Knox or 
Berdan pan. The tube mill may be 2 ft. in diameter by 1 to 4 ft, long, with steel balls 
or rods of drill steel ; it may be worked in batches through a covered hand hole, or 
continuously by a stream of water passing through hollow trunnions. The Knox pan 
is a small cast-iron pan with a muller carried on a vertical shaft; the Berdan revolves 
on an inclined shaft, grinding by means of two or three large balls, or by drags chained 
to a fixed post. 

Tlie amalgam is squec^ied in fairly heavj’' (10-oz.) canvas; the finish is usually given 
by hand in balls of about 100 oz. each, or in cylinders compressed in a hydraulic 
machine with disks of canvas and coconut matting at each end; the removal of excess 
mercury is facilitated by heating the balls in hot water. 

A high “percentage ot retort” is favored by a large percentage of gold in the 
resulting bullion, coarseness of the original particles of native gold, frequency of clean- 
ups (giving mercury less time to penetrate), pressure applied in squeezing (much 
increased by use of machine), and high temperature during the squeezing. About 60 
per cent is occasionally reached, while silvery amalgam may jdeld only 25 per cent; 
35 per cent is about average for hand-squeezed amalgam. 

Amalgam retorts are made in the pot form for charges up to about 2000 oz., 
and should be not over two-thirds filled. For larger amounts the cylindrical built-in 
form should be used, fitted with three or four light cast-iron trays. The trays or 
j)ot retorts are given an internal wash of wood ashes, fine clay, or chalk, or are painted 
with iron oxide, to prevent adhesion of bullion. Paper is sometimes used, but may 
cause flouring of the mercury. The covers or doors are best sealed with a lute made of 
sifted wood ashes and secured by well-driven wedge keys. A long condenser should 
be used, with a jacket supplied vdth cold water. In large retorts it is convenient to 
use loose dividing pieces of sheet iron, similarly painted, so that the resulting bullion 
will readily fall into pieces of convenient size for charging into crucibles. 

Any convenient fuel may be used in retorting, and a pot retort may be heated in 
any style of melting furnace, or in the open if surrounded by a piece of sheet iron, but 
it is essential that the top be covered and kept hot, or the mercury vapor will con- 
dense before escaping. The temperature of boiling mercur>’ is 356®C. (G72'T.) and 
its latent heat 125 B.t.u. per lb. On account of the high specific gravity of the 
vapor (seven times tlmt of air), the discharge pipes should point downward as far 
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as possible and means should be adopted to carry off any escaping fume and pre- 
vent its inhalation, especiallj if it is neccssar> to open the retort before it has tune to 
cool The mercury carries over a trifling amount of gold, most of which is due to 
spattering in the earlier stages of volatilization The loss of mercury should be very 
small, any considerable difference in the weight of amalgam and of bullion plus 
mercury points to a defective lute or a leaky retort 

Bars of mill bullion or refined cyanide product are melted m graphite crucibles 
with borax sufficient to form a coier, and poured into iron molds previously smoked 
heavily or coated with graphite About 2000 oz is the usual weight limit for gold 
bars, and about lOOO to 1200 oz for silver 

Bars containing gold and silver with little base metal other than copper suffer 
very little segregation and solidify rapidly In sampling them it is safe to chip from 
one corner at the top and the opposite corner at the bottom or to drill or m 
holes at opposite corners Cyanide bars containing lead or zinc are irregular in compo- 
sition and should be sampled from the crucible just after stirring, or a sample may be 
taken while pouring by deflecting some of the flowing metal into a vessel of water * 
As soon as the bullion solidifies in the mold, the slag may be removed by pouring 
water on it and scraping it out, or by plunging the hot bar into cold water Plunged 
bars retain a little water if the surface is rough 

CYANIDATION 

Cyanidation — At the present time sodium cyanide, hfaCN, has entirely super 
seded potassium cyanide, KCN, as a solvent, and it alone will be considered here 
although some metallurgists stdl make all calculations in KCh, and recalculate the 
results to the actual salt used * 

The essential reactions of the cyanide process arc, for gold, 

2Au -h 4NaCN -h O -J- lIiO = 2NaAu(CN)i + 2NaOH 

This is Eisner's reaction, verified by Maclaurm, indicating the necessity for oxjE®" 
or its equivalent Metallic silver follows the same reaction, substituting Ag for 
Au Cyanides of other alkali and alkali earth metals act in precisely the same way, 
mibstitutmg Ca, Ba 2K, etc , for 2h, a Hydrocyanic acid is an extremely feeble soh 
vent, and cyanogen itself is w ithout action on gold 
Silver chloride is rapidly dissolved, without oxj gen, 

AgCl + 2\aCN = NaAgfCN), + NaCI 

and most other silver compounds are similarly dissolved 

Silver sulphide, however, dissolves slowly, the reaction being reversible and 
requiring an excess of cjanide 

AgiS + 4NaCN fc? 2NaAg(CN)i + Na„S 

Artificial gold sulphide is similarly dissolved The solutions obtained always contain 
more or less thiocyanate (NaCNS), and this probably results from oxidation of the 
NajS 

NaiS + 0 + HiO + NaCN = NaCNS + 2NaOH 
Free sulphur, resulting from partial oxidation of pyritic ore, or sulphur from thiosul 

« See Sampling pp 72 76 78 and 80 of the volume entitled Principles and Processes 
< It IS convenient to remember that for all practical purposes 41b KCN — Sib NaCN and lib ® 
98 per cent NsCN — 2 lb of Aero containing Byanogeti equivalent to 49 per cent NaCN Abo t a 
10 CO of 0 SN teNOj (8 60 g per 1) - 0 049 g NaCN - 0 05 B of 98 per cent salt or 0 1 « of Aero at 
49 per cent 
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phates formed by the action of lime or soda on pyritic ore, also reacts on cyanide 
with formation of thiocyanate. 

S + NaCN = NaCNS 

Tellurides of gold and silver are scarcely affected by cyanide solutions, and silver 
selenide is very slowly attacked. 


Electromotive Force op Metals in Cyanioe Solutions^ 


C!oncentration 

KCN 


Most probable value for e.m 

.f. 


Zinc 

Cop- 

per 

Gold 

Silver 

Lead 

Mer- 

cury 

Iron 

0.5 per cent — N 

+0.945 

+0.930 

+0.42 

+0.34 

+0.20 

+0.15 

HQ 

0.65 per cent = A^/10 


+0.68 

+0.265 

+0.195 

e5iMi» 

+0.05 


0.065 per cent ~ N/lOO 1 


+0.43 

+0.09 

+0.055 

bQQI 

+0.04 


0.0065 per cent = 1^/1,000.. 
0.00065 per cent = 

IH 

-0.05 

-0.34 

1 

1 


IH 


-0.13 

Ar/10,000 

■HI 

-0.25 

-0.45 j 


Hi 


-0.14 


' CnniSTT, Trans , Vol. 30, pp. 921-922, 


As calculated from the chemical equivalents, 1 lb. NaCN suffices to dissolve 1.1 lb. 
Ag or 2 lb. Au; 1 lb. Zn to precipitate 3.3 lb. Ag or 6 lb. Au. An ounce of metallic 
silver, tlicrefore, requires 1.8 times as much of either reagent as an ounce of gold, and 
a dollar^s worth of silver at the ordinary range of price uses forty to sixty times as 
much as a dollar^s worth of gold. In practice, the difference is even greater because, 
as a rule, gold dissolves readily in dilute solution, while silver often occurs as the 
sulphide, which requires a stronger cyanide solution owing to the reversible character 
of its reaction. On the other hand, silver chloride dissolves rapidly and with little 
decomposition of cjmnide. 

Under identical conditions, metallic silver dissolves about half as fast as gold, or 
in exact proportion to their atomic weights. Silver-free gold dissolves more readily 
than gold alloyed with silver. Maclaurin showed that all gold-silver alloys should 
dissolve in cyanide solution at the same rate as measured in thickness removed, and 
in the same proportions in which they exist in the original alloy; Yokobori and others 
confirm this. 

As regards the effect of amalgamation on the rate of dissolution by cyanide, some 
contrary e\ddence has been adduced. In stationary beaker tests with pure gold foil, 
a mere film of amalgam retards solution about as much as thorough wetting with 
mercury — similar pieces show one-half to one-tenth the rate of solution noted with 
clean gold; when agitated in sand mixtures the same tendency is noted. 

For a given percentage of NaCN, gold in a thick slime mixture dissolves much less 
rapidly than in thin pulp, the same is true of silver, of oxygen, and of salts such as 
NaCN itself lumps of ^Ybich should not be dumped in agitators but predissolved in 
clear sohition or water. This effect seems to be partly due to the greater viscosity 
of thick pulp, partly to the smaller proportion of solution to unit volume and unit 
surface. 

After a certain period of contact with a given solution, the dissolution of gold from 
ore practicnlly ceases, in spite of agitation and ample aeration; on adding fresh solu- 
tion, or replacing a pari with barren solution or even with water, further dissolution 
takes place. This is more rnnrkod with silver than gold, and especially on adding 
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During G9rQHng,ieach!n^ j and washing, aJr^and^otuHons pass by channels to alherna fe plates and through c hths, and across sijm^ ca hej 
Fig. C. — Slimo treatment in Merrill filter presses at Homestake, S. D. See Clark and Sharwood, Tram* 22, 68. 
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aerated barren solution from extractors Some of the effect js, no doubt, due to the 
inert or ^'fatigued ” solution having reached an equilibrium ith the ore, but probably 
much of the later apparent dissolving js actually diffusion of the richer solution 
adsorbed or absorbed by the ore particles 

In sulphide ores, especially complex sulphosalts, Bil\ er may be very slowly soluble, 
this may often be partly overcome by removal from the solution of the NajS formed 
by means of lead compounds mercury salts are sometimes used with advantage, and 
fine grinding is essential Owing to the reversible character of the reaction with 
AgiS, a short treatment vith very strong (1 per cent or more) solution of NaC\ is 
often much more effective than long treatment with dilute 

The best strength of solution must be determined by experiment In agitation 
systems, coarse gold being removed if originally present, slime may be treated aith 
solution of 0 1 to 0 01 per cent NaCN, silver slime may require 0 2 to 0 5 per cent or 
higher 

In well roasted sulphide ore or concentrate the gold is, as a rule, amenable to 
cyanide, but the globular particles from roasted telluridea dissolve slowly, silver in 
similar roasted material becomes partly insoluble, extremely fine grinding is desirable 
with most rich silver material After fine grinding, such material is sometimes put 
back m the same circuit mth average ore, it is best &st to give it a separate intensiie 
treatment with strong solution 

Gold tellunde ores must be either roasted or treated w ith some oxidizing agent 
such as bromocyamde, BrCN, after preliminary leaching, or any alkaline hromate 
or peroxide of sodium or barium, may be used after prelimmary treatment with NaCN 
Many other oxidizing agents have been tried in connection with cyanide treat- 
ment, to supply ' nascent CN” or its equivalent, but none has been able to compete 
•with atmosphenc oxygen for ordinary ores 

Lead and Mercury in Cyaniding — Mercuric oxide and chloride dissolve com- 
pletely in. cyamde solutions 

HgO + 4NaCN = Na,Hg(CN)* + 2^aO^ 

but when mercurous oxide or chloride is treated vvith alkaline cyanide, half the 
mercury remains insoluble in the metalhc state 

2HgCl + 4NaCN => Hg NarHgfCN)* + 2NaCI 

An old tailmg pile contammg HgCI, therefore, cannot be expected to yield SO per 
cent of tbe mercury by cyamdmg, mercuric oxide would give an almost complete 
recovery, the sulphide and metalhc mercury would yield little or nothing 

Lead la sometimes added to solutions as the acetate (54 6 per cent Pb) or nitrate 
(62 56 per cent Pb), the latter being generally more economical Litharge (PbO = 
93 8 per cent Pb) is sometimes added to grinders, or ground with lu»e In alkaline 
solutions the lead is dissolved as plurabite, NajPbOj, which reacts with sulphides to 
form PhS Occasionally, a local oxidized lead ore (PbCOj) has been similarly used 
Removing NajS, lead facilitates the solution of AgjS, argent) te, but it has no beneficial 
effect on the complex sulphosalt ores of silver Mercury would similarly precipitate 
the sulphide radical as HgS Both lead and mercury also influence precipitation 
Contact 'With zinc dust or shaving at once throws down metallic lead or mercury, 
formmg a zme lead or zinc mercury couple which facilitates precipitation of gold and 
silver, and is especially advantageous when zinc sbavmg is coated with copper 
Lead added to solutions at the time of precipitation is found m tbe precipitate and is 
sometimes troublesome m refining unless cupellation is practiced Any mercury m 
solution is similarly precipitated, and v\ hen zme precipitate contains much (say 10 
per cent) of it, its removal by distillation may be profitable 
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Losses of Cyanide, — ^Losses of cyanide are mechanical and chemical. The 
first comprise the cyanide that is carried off in solution, some of which may be unavoid- 
ably thrown away daily, to prevent accumulation of too great a volume, or may be 
discharged in the residue, the washing of which is necessarily imperfect. 

Chemical losses include that due to hydrolysis of NaCN (2NaCN + HjO = 
2NaOH -b 2HCN), but this effect is slight in solutions that are distinctly alkaline, 
and is much smaller in old solutions [which often carry most of their CN in the form 
of Na 2 Zn(CN)d than in simple NaCN; decomposition of NaCN by acids, including 
CO 2 contained in air used in agitation (2NaCN + CO 2 + H 2 O = Na 2 C 03 + 2HCN) ; 
oxidation of NaCN by oxygen of air to form NaCNO and other inactive compounds, 
such as bicarbonates (NaCN 4* O = NaCNO; 2NaCNO 4- 3 H 2 O — Na 2 C 03 -b 
2 NH 3 , etc.); reaction with iron compounds, copper, etc., to form Prussian blue and 
various double cyanides, and with sulphur to form NaCNS. 

Cyanicides. — ^^Cyanicide'’ is a convenient name applied to all those substances 
found in ores and tailings which cause a loss of the essential ion CN from the solutions 
used in treatment. Under this head may be grouped acids that directly decom- 
pose NaCN (including carbonic and humic acids); salts such as sulphates and arse- 
nates, especially those of iron, which consume free alkali [Ca(OH )2 and NaOH), thus 
facilitating the hj^drolysis of NaCN; ferrous salts and oxidized compounds of copper 
and zinc which form complex cyanides, cither entirely inert or feeble solvents for gold 
and silver; and certain sulphur compounds that react with NaCN to form NaCNS. * 

tVhen used injudiciously and in excess, even oxygen, chlorine, bromocyanide, 
peroxides, and other oxidizing agents are actually cyanicides. The cyanide actually 
used in dissolving gold is almost negligible, but rich silver ore consumes more — 100 oz. 
of silver using over 6 lb. NaCN to form the double cyanide. 

Chopper in oxidized ores is usually in the form of the green or blue carbonate (mala- 
chite or azuritc), an oxide, basic sulphate, or occasionally the metal. In pan-amal- 
gamation tailings it occurs in similar forms from decomposition of added sulphate. 
In all these forms it is readily dissolved by cj^anide solutions and decomposes or renders 
useless approximately three times its weight of NaCN, or four times of KCN. In 
the case of KCN, the actual cuprous compound formed appears to lie between K 2 CU - 
(CN)^ and KjCuTCN)^, while a portion of the CN is oxidized to CNO in reducing 
combined Cu'' to Cu'. As little as 0.1 per cent of soluble copper may, therefore, 
cause a loss of several pounds of cyanide per ton treated. Unoxidized suphide ores 
are commonly but little attacked and decompose relatively little C 3 "anide. 

From some oxidized ores it is possible to remove the soluble copper by dilute 
ammonia, or, if but little calcium carbonate is present, hy dilute sulphuric acid; 
in either case the dissolved copper must be removed hy thorough washing before 
contact with c^^anide solution. 

Iron and steel in the form of sheet metal, etc., are practically without effect on 
c^'anide solutions. Some writers have insisted that the fine metallic iron intro- 
duced into ore hy wear of mill castings, steel balls, and rods, etc., which may range 
from 1 to 5 lb. per ton, decomposes cj'anide and interferes with gold extraction. In 
practical testSj it is difficult to recognize any losses due to metallic iron as such. 
Any actual decomposition is probably' due to ferrous compounds produced by oxida- 
tion of this finely divided metal, or by the action on it of acids resulting from oxidation 
of sulphur compounds in the ore. 

Antimonial Ores.— Ores containing antimony as sulphide (stibiiitc) have, in some 
instances, given trouble in extraction, and also by yielding an impure precipitate, 
difficult to refine unless cupellation is practiced. 

Fine grindmg has been recommended, and the use of a solution as low as possible 
in cyanide anil especially low in free alkali. In other cases some success has been 
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reported in the adoption of a treatment ^nth comparatively strong solution of sodium 
hydroxide or sulphide to dissolve interfering antimony compounds, and washing out 
the solution before cyanidmg 

In some antimonial ores, as wth others containing Se or Te, all or most of the gold 
mai resist both amalgamation and cyanide, and may also be impossible to concentrate 
A thorough roast, followed by fine grinding, generally renders a high percentage solu- 
ble in cjanide solution 

Arsemcal Ores — -Many o! the common arsenical minerals, notably arsenopynte, 
FeAsS, are totally unaffected by cyanide solution, their oxidation products are, 
however, soluble in many causes llTieii arsenic passes into solution, some of it may 
appear m the precipitate, and m this case extreme precautions must be taken in dis- 
posmg of the fumes from acid treatment, which may contam arsme, AsHi 

The presence of manganese mmcrals in gold ores appears to have no lU effect in 
cjaniding, some silver ores contain large percentages of manganese peroxide but yield 
readily to cyamdation, others, some of them contaimng relatively small proportions 
of manganese, j leld only a small percentage of their silver, even to strong cyanide solu- 
tions Mere addition of MnOz has no prejudicial effect, and it is probable that m the 
latter ores a mote or less definite manganite of sliver exists, analogous to the com 
pounds of barium and copper found m psdomelane Investigations by R Linton, 
L M Hamilton, and IV H CoghiU show that in some cases treatment with dilute 
hydrochloric acid, salt and sulphuric acid, sulphur dioxide, hydrogen sulphide, or a 
sulphydrate, or a chlondixing roast leaves the silver in a form permitting a high extrac 
tion with c> amde solution, though it may be insoluble in nitric acid Reagents that 
decolorize the dark manganese compounds generally free the silver 

For mstance, Hamilton, in one case, extracted only 5 to 15 per cent at 200 mesh, 
additions of lead, oxidation, hot solutions, chlorme, and sodium sulphide, biaiS 
giving no improvement A prebmmary treatment with HsS or NaHS increased the 
extraction to 73 per cent, HCl to 9 1 per cent, 5 per cent SOi to 84, per cent, and a 
chlondizmg roast to 75 per cent, when followed by agitation with dilute KCN solu- 
tion Concentration, oil concentration, and flotation gave no results 

The Caron process commences with a “reduemg roast” to decompo*!® per- 
oxides, and in certain cases has greatly increased the subacciuent extraction of 
silver 

Calcium sulphate is sometmes an original constituent of ores and tailings and of 
some waters, more commonly it results from the roasting or weathering of calcareous 
ores containing sulphides, and occasionally from the action of sulphuric acid on sufh 
ore Lead sulphate may also react with limey solution to give a saturated solution 
of CaSOi In Colorado and Western Australia, leaching of roasted ore has somctinics 
been followed by the setting of charges to a cementlike mass, which might require 
blasting A more common result is the supersaturation of cyanide solutions with 
CaSO<, which crystallizes as a hard deposit on pipes, canvas, etc , and may coat zinc 
shavings so as to render them mactix e A complication is caused by the fact that the 
Bolubility of CaSOi m water decreases with a rise of temperature 

Magnesium sulphate may be similarly formed, while readily soluble, it is cqual^ 
objectionable owing to the flocculcnt precipitate formed when its solution is mixed 
with another differing in alkalinity 

Owing to the presence of carbonaceous matter (not graphite) in black schists 
associated with the ores, it has been impossible to secure good extractions of gold at 
certain mines in various parts of the world, much of the gold being reprecipitated as 
soon as dissolved m some form which has never been positively identified, though 
much has been written on the subject Charcoal from charred mine timbers, etc, 
similarly interferes 
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111 the case of some African ores, a process was worked out by Feldtmann and 
Wartenweiler for extracting the reprecipitatcd gold by a subsequent leaching with 
sodium sulphide solution. 

A more recent method is that of Silver and Dorfman, who give the ore a prelimi- 
narj’' agitation with a little flotation oil, which prevents the carbonaceous matter from 
interfering. 

Some pyritic concentrates oxidize rapidly to FeS04) etc,, and then decompose 
large amounts of NaCN, forming ferrocyanides, Prussian blue, etc. This may be 
obviated by a fairly long aeration in the presence of lime or soda, oxidizing the iron 
completely to ferric hydroxide. 

At the Goldfield Consolidated mill the concentrates contained copper as well as 
iron sulphates. Soluble copper and iron were removed by preliminary" treatment with 
dilute sulphuric acid, followed by an alkaline w’ash, after which the fine-ground 
concentrate was cyanided in a Pachuca tank with repeated decantation, finishing in 
a Kelly filter. 

Lime is used in cyaniding to neutralize acid existing in ore, or the “latent acidity “ 
of such salts as basic ferric sulphate, thus protecting cyanide from decomposition. 
It is also of value in increasing the settling rate of slime. 

Wien crushing in water, quicklime may be fed dry with the ore, or may be slaked 
or ground in a tube mill or pan. This early introduction effects neutralization at the 
earliest possible stage, but sometimes has an adverse influence on amalgamation. It 
is advisable when crushing in cyanide solution. An opposite policy is followed at the 
Homestake sand plants, where the ore develops acidity by oxidation and a granular 
lime is required for progressive neutralization; here it is crushed by a stamp through a 
seven-mesh screen and mixed with the sand just as it passes to the collecting-leaching 
vats. 

In treating dry sand, the lime should be slaked carefully, and the fine product 
mixed as uniformly as possible with the charge at any convenient stage. With slime 
pulp, it may be used as milk of lime fed from a grinding pan or mixer. Acid and bicar- 
bonate waters consume an appreciable quantity of lime. In some cases, as Avhen 
aluminum is used as a precipitant, the calcium in solution must be replaced by sodium, 
by the use of caustic soda or soda ash. 

An excess of alkali in solution protects NaCN from hydrolysis, but it usually 
retards and may even prevent the dissolving of gold and silver, especially with sul- 
phide ores. Alkalinity must, therefore, be carefully controlled, and it is generally 
best to maintain it at the lowest possible point in excess of that corresponding to the 
cyanide (NaCN) indicated by titration — in other words, the protective alkali should 
be as near to zero as possible. This is generally safe, as old solutions containing zinc 
show little tendency to hydrolysis of HGN. 

Lime should be free from charcoal and contain but little magnesia. The available 
CaO in good quicklime is between 80 and 90 per cent; it is easily determined by shak- 

2 g. with 20 g. of sugar in 200 to 1000 cc. of distilled water, and titrating one- 
twentieth of the clear liquid with standard acid. 

Sand and Slime. — In the first MacArthur-Forrest patents, agitation iu cyan- 
ide solution is indicated, but in the early practical plants some form of separation 
was found necessary, the coarser material, including ns much of the fines as possible, 
was leached, the “slime" being allowed to accumulate untreated, unless exceptionally 
rich. 

“Slime" properly refers to colloidal material— -“superfine particles"— which 
can be neither leached nor settled readily; Gross has defined it as “an>^hing which 
renders M’atcr muddy." 1 he slime separated by cijissification is largeh' extremely fine 
sand, the microscope showing this to consist of crystalline particles. Leachable'sand 
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may contain 40 or 50 per cent of material finer than 200 mesh, provided true (colloidal) 
slime is practically eliminated. In general, quartz and pyrite tend to pass into sand 
during classification, while the slime contains the more basic and hydrous constituents 
of the ore — especially limonite, and hydrous silicates of alumina and magnesia, such 
as kaolin and chlorite. 

In rare instances, a porous ore, containing no coarse gold, may be crushed coarsely 
(to, say, H in.) and leached directly, but classification is more generally necessary. 

All-sliming^^ is a term loosely applied to the comminution of an ore to pass 
200 mesh — sometimes extended to 100, or even 80 mesh — ^the general idea being to 
ensure a product that can easily be kept in suspension. 

Crushing in cyanide solution was first attempted by A. B. Paul in California, 
but was little used until 1899; since then its use has rapidly increased. MDling in 
water washes out soluble cyanicides, and lime may be used to neutralize latent acidity, 
in some cases saving much cyanide; amalgamation may be thus kept in advance of 
contact with cyanide. Crushing with cyanide complicates the sampling of heads, 
owing to dissolved values, but has many advantages, dissolution of gold beginning 
as soon as the ore enters the mortar or mill, and the only water introduced into the 
system being original moisture and that used as a final wash. From 50 to 75 per cent 
of the soluble gold may dissolve during milling, but with silver, solution is much slower. 

Sand Leaching.— Sand is leached in vats with filter bottoms, filtration being 
effected by gravity, in some cases aided by the application of a vacuum beneath 
the filter. Tlio vats are cylindrical, of steel or wood, redwood or cypress being 
generally preferred on account of their durability. They must be made absolutely 
watertight, wdth substantial foundations, preferably parallel walls of concrete arranged 
to allow of easy inspection of the bottom and sides. Vats of reinforced concrete have 
been used, of various shapes, made tight by the use of bituminous coatings. Wooden 
vats should have the staves doweled, bottom boards either doweled or grooved for 
the insertion of pine tongues, and bottom end joints made with metal tongues. The 
bottoms should liave a slight slope toward the solution outlet. 

Filter Bottoms. — A ring of wood is placed around each bottom, about 1.5 in. 
from the staves or side, forming an annular channel for the rope used to secure the 
stretched filter; the height of this varies, but should be 3 to 5 in. for large vats. The 
space inside this ring is occupied by some form of wooden grid of equal depth. One 
of the best forms is a system of parallel strips, set edgewise and notched or crozed 
on the under side for half their depth so as to allow of free circulation. For instance, 
the strips may be 2 X 4 in, or 2.5 X 5 in. udth notches 4 or 5 in, long and 4 or 5 in. 
apart; tl\c strips themselves are nailed down 2 or 3 in. apart. A similar effect is 
produced b}' continuous 2 X 2 in. strips laid parallel and resting on similar but short 
pieces 6 in. apart, laid crosswdse on the bottom with spaces between their ends; or 
the parallel strips may rest on short blocks through which the nails pass. 

Upon the strips is laid a circle of coconut matting, sewn and hemmed, and fas- 
tened on the ring by occasional nails or staples. Over this is the filter proper, of heavy 
canvas, cut somewhat larger than the tank bottom, tightly stretched, and fastened by 
driving an inch rope into the recess round the tank bottom. In South Africa, hessian 
(burlap or hop cloth) has been laid on the wood grid, and coconut matting above this. 
When vats are discharged by shoveling, the upper cloth must be protected by boards, 
say C in. wide and a few inches apart, or by wider boards with numerous holes 1 in. or 
larger. 

Around bottom discharge doors a tight wood ring is built up, of the same height as 
the filter, Near solution outlets all approaches must be kept clear. Near such out- 
lets it is well to have a movable false section of bottom, which can be lifted occasionally 
to remove accumulated fine sand which may pass through holes in the filter. The 
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an iron ring and lifted from above bj a threaded central rotf in a column cf pipe 
the latter may also eerve as support for a movalilc Butters distributor To diminish 
reaistance m Lftmg, such bottom valves should be (niulc with the top an acute cone 
Leaching % ats may be filled with current mill pulp or with dam sand convcvcJ 
by water or solution, or with drj sand or crushed ore Tlie mam consideration is to 
secure uniform distribution and uniform pcrmcabditj If loaded wet the vat should 
be first filled, or at least partly filled, with water or solution 

The total overflow during filling = original water + conveying water — intersti 
tial space in charge original water + total volume pulp fed — net volume of sand 
in. charge 

Wet sand n usually fed through a Buttera*Mein distributor (the revolving lawn 
sprinkler type) with slv or eight arms of IH- or 2.m pipe of differing lengths ending 
m elbows with flattened lips For uniform filling the tank bottom is divided into equal 
annular areas, each radi^ pipe terminating nearly over the middle of a ring Tl'® 
overflow IS carried off by an annular launder usually outside the staves but sometimes 
built inside With cheap labor as in Africa and Mexico, filling was often done by » 
man with a hose 

« The#* flow Bbeeto furouhed by the Denver Equipment Co Dem-cr Colo 
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As soon as filled, the sand is allowed to drain, and solution is applied to the top; 
it may be applied as a spray or allowed to pour upon the sand — in the latter case 
sheet-iron pans are used to prevent washing holes in the surface. 

In filling with dry or drained sand, conveyers may be used — a main belt running 
along or between rows of vats, with a traveling shuttle belt across the vats ^with 
automatic discharge. Or the feed may discharge over the center of the vat and slide 
down a radial inclined shoot with adjustable openings, the shoot being gradually 


Feed Feed 



Figs. 13-14. — Typical flow sheets of successful gold-milling installations:' 13, a small 
batch cynnidation plant may be used to obtain all-bullion products; 14, a jig removes coarse 
gold ahead of cyanidation, improving recoverj' and eliminating erratic tailings. 


moved round the vat by hand. Or barrows, cars, etc., may be simply dumped 
over a coarse grating supported just above the top of the vat. 

AVhen filling with dr3" or drained sand, some hours of treatment time may be 
saved by Fimultaucouslj" introducing solution below the filter bottom, so that it 
rises through tlie sand about as fast as the sand accumulates. As soon as the vat is 
filled and solution reaches the top, the bottom supplj' is cut off and normal dowmvard 
leaching is started. 

Direct treatment in the same vats in wliich sand is settled wet is onl^^ practicable 
when colloids are absent or have been washed out almost complctelj^ bj' cones, Spitz- 
kasten, or other classification systems. Filter-bottomed collecting vats arc sometimes 
used, and may be superimposed above the treatment vats, the settled sand being 
transferred to the latter bj' .shoveling or bj" an excavating machine, such as the 

J These nowshcela furnished by the Denver Equipment Co., Denver, Colo. 
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BlaisdcU Instead of an annular overflow launder for the collecting tank, vertical 
slots have been used in Africa for overflow water outlets, the outflow level being auto- 
matically raised by roller-blind devices carried on floats, or it may be raised by 
cast-iron rings placed above a bottom opening 

In double treatment, the sand is collected and drained in such tanks, and gnen a 
preliminary cyanide solution treatment to displace the water, it is then transferred to 
the treatment \ats below, where leaching is completed The aeration thus secured 
13 beneficial 

Caldecott's continuous-collecting system for sand consists in classifying with dia- 
phragm cones and draining the thickened sand on a slowly revolving horizontal table, 
about 20 ft m diameter, provided ^ ith a mde annular filter of coco mat ana calico 
Buppoited on wire screen Here the sand is dewatered by a vacuum of about 6 lb 
per sq m and removed by a fixed plow, it falls on a belt coniey er and is conveyed 
to the treatment vats 

Leaching — ^The manner of applymg solution varies Gold di-wohes rapidly, 
especially from fine sand, giving rich effluents in the early stages of leaching the 
value falling off rapidly siU cr often dissolves slow Ij , show mg less difference in the 
value of the effluents ivith tunc lor instance, a particular ore yielded 70 per 
cent of the extractable gold, but only 35 per cent of the extractable sih er m the 
first quarter of the total effluent solution Hence, by precipitating only the first 
half of the effluent, and using the later portions fortified m cyanide for the early 
treatment of succeedmg charges, the \ olume precipitated is minimized, so that it may 
be possible to make good extractions u bile precipitatmg not more than half a ton of 
solution per ton of sand 

The strength and the alkahnjty of solution and the number of hours of contact 
must be determined to suit each case, and great saving may result from adjusting these 
conditions and the degree of commmution of the ore, after the general treatment has 
been established 

When two solutions are used, the strong is generally applied first, and the ueak is 
follow ed by wash w ater sufficient to displace it The n ash wafer and w ater ui moist 
or water crushed ore mix with the solutions to some extent, yieldmg “first and last 
drainings" of low NaCN content and low in precious metals To preseiwc the 
volume of plant solution constant, these drainings, or low solution, are best precipitated 
separately and the barren run to waste A slight saving is effected by using a buffer 
of this barren solution just before the w ash water Sometimes a little weak solution 
IS similarly used before the strong this is advisable if cyanicidcs have not been 
removed previously 

When dry ore is crushed in cyanide solution, the final wash water must be regulated 
to make up the deficit in solution that would occur otherwise 

The “leaching rate” of sand 13 measured by the fall per hour m the surface of 
solution standing over a charge of saturated ore m the vat Good e’ftractions are 
usually obtained with leaching rates of 2 in or more per hour, at 1 m more care >» 
necessary, and slower rates are generally dangerous, shortening the time of contact 
by reason of the longer w ashing period necessary As the voids m settled sand are 
usually about 50 per cent of the volume, solution descends through sand at about 
double the surface leaching rate and the hours required for displacement of solution 
by wash water may be approximated by dividing twice the surface rate into the inches 
depth of charge 

With sand of given character, the leaching rate is not much retarded by a moderate 
increase in depth , the effect of depth is largely offset by increased head An extremelv 
thin layer of shmy material may, however affect the rate profoundly Application 
of a vacuum beneath the filter bottom was formerly practiced, when classification was 
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usually imperfect; while increasing the flow it tended to cause packing of the charge 
and lower the normal leaching rate; it may be used with advantage in the final washing 
stages. 

Solution may be supplied continuously to the charge, or may be added at such 
inten^als as to allow the surface to become drained and thus entrap air. Solution is 
sometimes circulated repeatedly through a charge by an air lift or pump returning it 
from the bottom to the top; this gives the desired aeration, but the ultimate removal 
of precious metal is retarded. Maceration or soaking by closing solution outlets for 
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Figs. 15~1C. — Typical flow sheets of successful gold-milling installations:^ 15, combina- 
tion flotation and cyanidation permits milling both oxides and sulphides; 16, cyanidation of 
flotation concentrates produces all bullion. 


long periods is an obsolete practice, but a too rapid flow should be controlled to avoid 
precipitating unnecessary solution. 

Tanks. — For economy of material a round tank of uniform thickness should 
have a depth equal to one-half the diameter, for economy of hoops the shallower 
the better, for economy of foundation the reverse. A common compromise is to 
make the dcptli one-fourth to one-sixth the diameter. In steel vats the bottom 
is usually at least. He in. thicker than the sides; these also maj’’ be lighter toward 
the top. Steel tanks are riveted and Imve a ring of angle steel surrounding the 
bottom ; a similar ring is often used at the rim, and deep tanks may be stiffened by 
a ring of T iron or a channel section round the middle. For wooden tanks, round iron 
or steel hoops arc preferable to flat ones, which often develop rust on the underside. 

* TIwsk! now f^irnUUcd by tbo Denver Equipment Co., Denver, Colo. 
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To get the full strength, the ends should be suitably upset before threading, and the 
section at the bottom of the thread considered in calculating strength For sizes 
requiring over IJs m round it is preferable to use IH-ui or larger square steel The 
sizes may increase by from m at the top, and the spacing be made correspond- 
ingly closer as depth increases IIea\'y hoops and tings must be rolled to the proper 
curvature before use, and hoops must be provided -with properly designed couplings 
In calculating the necessary cross section of hoops or thickness of side, wet sand, 
like slime pulp must be considered as a perfect fluid, as there are tunes when it is 
dangerously near that condition Settled sand may be assumed to have 60 per cent 
voids when the specific gravity of the wet mixture p is 0 5(d + 1) vihere d =« specific 
gravity of dry sand 

D = diameter of tank m feet 

// =■ depth from top to center of ring (or hoop) considered, in feet 
p = specific gravity of pulp [= 0 5((i + 1) for wet sand] 
t =< thickness of steel vat in mches at depth II 
ll = inches width of ring controlled by hoop in wood vat at depth H 
Strain on square inch cross section of steel sheet = lb 

Total strain on cross section of hoop = 2 GIVDlTp lb 

Thus, with a steel tank 50 ft in diameter the metal m thick at a depth of lOfl , 
when filled with wet sand of specific gravity 2 8(p «= 1 9), stands a strain of 

2 6 X 10 X 50 X~ = 9880 lb per sq in 

Similarly with a wooden vat under the same conditions, a hoop 10 ft from the top, 
spaced fi in from adjacent hoops, is subject to a strain of 

26X0X10X50X19=^ 14,820 lb 

and for a factor of safety of 5, the hoop must be capable of standing 74,000 lb 

Leaching In the Filter Press — This includes collection and complete treatment 
in the press, and usually requires solution to be applied under a pressure of at least 
30 lb per sq in Separated shme or all sinned ore, suitably tbickened, is fed into the 
press by gravity, monte- jus or pump until filled Alternate plates are then con 
nected with compressed air and the n ater displaced Solution is next applied through 
the same channels, and leaching (which may miolve several solutions and may be 
alternated with air treatment) is contmued as long as gold dissolves, it is then dis- 
placed by wash water, and the sobd is finally discharged 

The Dehne press, used in W estern Australia for roasted ore and in some cases for 
raw sbme, was opened and discharged by hand, it did not differ essentially from the 
nrdmary plate-aod frame press Treatment was completed m some eases m a. 2~ 
or 3-hr cycle, but operation was expensive, even when open mg and closing were 
effected by hydraulic power, and it was generally found preferable to dissolve the goW 
in agitators and use the press for filtering and washmg only 

The Merrill press discharges the solids by mechanical sluicmg through a bottom 
channel provided with ports making it possible to use a press continuously for many 
months without opening or changmg cloths Sluicmg is effected by a senes of nozzles 
in a rotatmg pipe or bar running the full length of the press and requires 3 to 5 tons of 
water per ton of solid, depending on the character of the latter, much of this water 
may be recovered, if desired, by a thickener or rotary filter While the first cost of 
this filter IS comparatively high, the treatment requires a mmirnum of labor W'lth 
granular slime, a 4-in frame is suitable, if extremely fine or floocnlent, a 2- or S-m 
cake 13 preferable Center washmg may also be used, in which case the cake is 
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made to fill the frame completely, and air and solution are applied through the central 
opening in each cake instead of passing crosswise through the frame. In this case 
the cake is loosened by applying air for a short time behind the cloths prior to 
sluicing. 

Leaching in the press is essentially similar to gravity leaching of sand, but much 
more rapid, occupying hours instead of days. For instance, with Homestake ore, the 
coarser mill sand yielded 70 per cent of its gold by leaching in a 7-day cycle; if reground 
this ^deld increased to about 80 per cent, the finer portions of the sand yielding 90 
per cent. The slime and fine sand treated in the Merrill press yield 90 per cent in a 
Circle of 8 to 10 hr., of which 1 hn is consumed in filling and one in sluicing. The 
operating cost in each case is about the same. 

The Sweetland press has a cylindrical shell, opening by a hinge, the circular plates 
being tipped for discharge. 

Simple Decantation. — ^In this process of slime treatment the material was agitated 
with cyanide solution and allowed to settle; the clear supernatant liquid was decanted 
off by a swinging pipe or flexible hose supported by a float that kept the inlet near the 
surface. This liquid was replaced by barren or low-grade solution or water; mixing, 
settling, and decantation were then repeated, and the same cycle might be repeated 
several times. The first dccantate was always precipitated, sometimes the second 
or third, and the barren solution used with later decantates or washes for the make-up 
on a succeeding charge. The thickened residue, including more or less low-grade 
solution, was finally run off to a dam, or in some instances filtered. Some liquid 
separated on the dam and was sometimes pumped back for use in washes. 

Successive agitations were carried out in the same vat — using mechanical agitation 
often aided by air — or, in a series of vats, one for each stage. In the latter case time 
was saved by hydraulicking the settled slime with solution or running it by gravity 
into a vat already containing solution, or, if the vats were on a level, a centrifugal 
pump was used with arrangements for drawing in a certain proportion of air for oxida- 
tion. Lime was commonly added to facilitate settling. 

The process W'as adaptable to existing shallow vats by addition of an arm or 
paddle agitator. In South Africa, large shallow vats were used with bottoms slightly 
coned, but it was found that, with increased depth, air agitation could be advan- 
tagcouslj" substituted, and this led to the development of the extremely deep Pachuca 
tank by F. C. Brown at Komata Reefs, New Zealand, in 1902. 

The Pachuca may be 10 X 30 X 45 ft., with a central air lift one-tenth the diameter 
and a cone bottom inclined 00 deg. In addition to the lifting air, a second small pipe 
was added for stirring settled slime, and later a spider or movable set of radial pipes 
surrounding the air lift for the same purpose. The air outlets were valvcd or covered 
with flexible rubber to prevent entry of slime when the air was cut off. 

At lYaihi the Brown vat was used for crushed ore in connection with the Moore 
filter; at Goldfield and Treadwell it was used for fine-ground concentrate, and the final 
removal of solution was effected with a Kelh" filter press. 

Continuous or series treatment (not to be confused with countercurrent) was 
first used bj" Grothc and Mennell in 1908. The cyanide pulp is transferred through 
a series of three to six Pachuca tanks, maintaining it in agitation, thus saving the time 
occupied in cmptjdng and filling, settling and stirring, and avoiding loss of head, 
except a few inches between successive tanks. The connecting pipes between adjacent 
tanks are set at a downward angle of about GO deg., with an intennediate section of 
nibbcr hose. After lea\'ing the agitation system the pulp passes to a suitable filter, 
an intermediate storage tank being usually pro\ddcd in advance of the Moore and 
Butlers filters, which have been much used. Tliis is unneccssar}' with rotary filter.*?, 
which are automatic and almost equally effective. 
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By keeping tke outlet at a suitable distance from the surface, any considerable 
accumulation of sand is prevented, a certain accumulation of sand in the system 
IS desirable, giving the coarser particles a longer treatment time than the average 
Shallower agitators, as the Dorr, Trent, or Parral, may be used, the discharge may 
nlan bc Selected by other means Short circuiting of some particles must inevitably 
occur, but m a seriea of tanks the probability of this is decreased 

The intermittent vacuum filters (Moore, Butters, etc ) and pressure filters (Burt, 
Kelly, etc ) require more attention, but are more flexible in application, as treatment 
can be completed m them, as well as washing and deuatering, rotary vacuum filters 
(both the drum type, Obver, and Portland, ani> the American or disk type), arc 
practically restricted to washing and dewatering Dewatering may be carried by 
any of these filters to about 25 per cent moisture 

In the Kelly system the agitators are followed by two sets of rotary washing filters 
in senes, the cakes discharged from the first set are repulped with wash solution 
or water in mtermediate mixers to a liquid ratio about 1 1 The loss of dissolved 
value m the final cake is thus muuimzed 

Continuous countercurrent decantation, an adaptation of a well known prin- 
ciple,' was attempted in cyanidmg bj llandall (South Dakota) in IflOl and by Denny 
(South Africa) m 1903, using cone-shaped agitators It was made a practical success 
by the application of the Dorr thickener, a series of three to five of these bemg used, 
together with a number of agitators, the ore bemg usually crushed in solution 

After leavmg the first thickener, the partly thickened pulp passes through the group 
of agitators, which maj be m series or series parallel, and then through the reinauiing 
thickeners and is discharged w ith or without filtration By setting the last thick- 
ener highest, and the others in steps leading to it, the decanted solution flow shack by 
gravity m the opposite direction to the sobd, while the thickened pulp is transferred 
by diaphragm pumps If on a level, the solution may be moved by air lifts Excess 
solution from the first thickener is precipitated and returned to the second or third 
one from the end cyanide is added to one of the agitators 

Points essential to success are solution, of the maxunum gold or silver before leav 
ing the agitator sj stem and efficiency of settlmg in succeedmg thickeners, to at least 
50 per cent solid if possible, m most cases, and always if the percentage of solid in 
effluents is under 50, the final discharge should be treated on a rotary filter to reduce 
soluble losses Underflow solution is always shghtly richer than overflow, owing to 
some dissolving and to difiusion of adsorbed or absorbed solution 

The flow sheet of Umted Eastern mill shows conditions prevailing with a pulp 
difficult to settle Theory and practical applications are discussed by Eames,* Dorr 
and Dougan at Elko Prmce,* and W 0 North at United Eastern * 

1 The countercurrent pnseiple allows the orieinal ore to be treated with soli tioa fairly rich in precious 
metal, but •when patUy Kahsusted it must come za contact with poorer coJutions finishing either with 
wash water or with solution carriing only traces of value The valuable content of the reagent should 
be aa closely aa possible proportioned to that extractable Irom the ore it meets. 

An approach to thia ideal is the conveying of crushed ore through a launder or horizontal pipe while 
a slow stream of cyanide aoUtion travels in the opposite direction Mere prolonged agitation or 
contmuDUa passage of pulp through a senes of agitators without a countercurrent is entirely opposed to 
this pnnciple the solvent becoming enriched as the ore is impovenahed. 

In any continuous system the time an average particle remains m any thickener or agitator is found 
by diyiding the weight of pulp passing hourly into the total weight of pulp contained in that unit Tb« 
arrangement (senes or parallel) of any group of units does not therefore affect the average tune occu 
pied by the pulp in passing the group Lengthening out the series of units decresses the probabihty 
of the rapid escape or short circuiting of any particle (C/ pp 181 to 184 of the volume entiOed 
Principles and Processes ) 

» Trent A 1 Af B Vol M p 142 
•ntd Vol 60 p 84 
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Residues may be discharged by sluicing where water is plentiful, and in some cases 
carried off by convenient streams, but more commonly require to be settled in dams. 
In some localities substantial dams must be built of concrete or masonrj’^, or heavy 
timber, but it is more usual to construct the dam from the coarser portion of the 
tailing itself. Sometimes empty cyanide boxes or drums are filled with sand to form 
the initial wall, or cells of light woodwork are similarly filled, or the tailing itself is 
shoveled up to form a retaining wall. The sluiced tailing is then roughl^^ classified in 
such a way as to deposit the coarser material near the dam wall, whOe the finer settles 
nearer the middle, where a steeply inclined or vertical overflow box may be arranged, 
the overflow level being gradually raised by adding slats when necessary. Where 
possible, it is convenient to have two or three dams or sections, one of which may drain 
and consolidate while another is in use, the more solid portion being then shoveled up 
to form the wall. A fair proportion of clayey material, or of contained lime, makes 
an excellent binder for the heavy sand, so that such dams may be built up on suitable 
slopes to a great height. 

Sand residue may be removed by shoveling through bottom doors or by a mechani- 
cal excavator, such as the Blaisdcll, and carried off in cars, or by aerial conveyers, or 
by a conveyer belt which may deliver it to an elevating stacker. Slime, dewatered 
by a rotary or other filter, may be similarly carried off. 

Or the tailing, sluiced or in cars, may be used for filling the stopes from which it 
originated ; if more than a trace of cyanide remains, it may be necessary to decompose 
it by addition of permanganate. 

Slime residues, thickened or settled without a filter, may usually be conveyed in 
pipes, but require a large area for satisfactor}^ collection. 

Watercourses below residue dams are liable to contamination sufficient to cause 
the death of birds and animals unless due precautions are taken. \Wienever possible, 
it is desirable to pump any accumulated liquid back to the plant as a matter of pre- 
caution, as well as of economy on account of contained cyanide and precious metal. 

“Dissolved values” carried to residue dams behave differently according to 
climatic conditions. In arid regions, evaporation takes place rapidly and salts eflSo- 
resce at the surface, forming a thin laj^er of much enriched material — in some cases 
worth SlOO per ton — which may be collected from time to time by careful sweeping or 
scraping, and returned to the plant. Where the rainfall is fairly heavj’', the surface is 
usually impoverished; in some cases rcprecipitation takes place on organic matter 
near the floor of the dam, in others some recover}^ may be made by precipitating the 
seepage by zinc boxes or, if acid, by scrap iron. 

Similar dams may be used for the storage of untreated tailing intended for subse- 
quent treatment. These should be constructed with a view to the reclamation of the 
tailing, removing trees and other obstructions, leveling the bottom, and excluding 
organic matter when possible; sand and slime may advantageously be segregated. 

PRECIPITATION 

Electrolysis as a mode of precipitation attracted many inventors as it seemed 
reasonable to expect a large measure of regeneration. Siemens & Halske used 
multiple iron anodes and thin shoct^lead cathodes, which were to be removed and 
cupeled after accumulating a suitable amount of gold; the current was of low voltage 
and a density of 0.04 to 0,06 amp. per sq. ft. The iron anodes were encased in hessian 
(burlap), but much Prussian blue and other by-products complicated the process, 
and the loss of iron was 0.3 to 0.5 lb. per ton treated. The main difficulty was the 
excessive electrode area and tank volume required approximately to exhaust a solu- 
tion, the electrodes being 1 to 1.5 in. apart and 20 sq. ft. or more in area. 
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Butters modified tbo process bj using tinned iron cathodes and much higher cur- 
rent density, Andrcoli invented aiiodoa of lc>id coated ivitli lead peroxide, Coupct- 
Coles used anodes of peroxidized lead an<l cathodes of aluminum, from which the 
deposited meta) w as to be stripped in sheets 

Several inventors attempted to precipitate ttie gold as an amalgam by using as 
cathode a laj er of mercury or an amalgamated copper plate Some filtered the sola 
tion, others attempted to precipitate on plates suspended m the pulp during agitation, 
some added common salt to increase the conductivity, but in no case was entire sue 
cess attained Pelatan and Clerici introduced several apparatus for this purpose, and 
others were deposed by Hiecken, Hendryx, Oliver, Mumford, Ilebaus, and Nonega 
Sodium and Sodium Amalgam — The ideal precipitant for gold and sdver from 
cyanide solutions vould be metallsc sodium, completely regenerating the ahtahnt 
cyanide 

Na + NaAu(CX), = Au + 2NaCX 

Attempts to use this reaction by means of sodium amalgam have not met with 
practical success MoIIoy proposed to make metallic sodium by clcctrol3'Si3 of NsiCOi 

solution with a mercury cathode communicating with and diffusing mto a body of 
mercury kept in contact with the c> anide solution , others spraj ed sodium amslgam 
through a rismg stream of solution, or kept it moving by means of amalgamated disks 
Aluminum and zme stand next to sodium m the line of ai adablc positive metals, 
and have proved the most practical precipitanls for gold and silver Each replaces 
silver in solution, but aluminum forms no double cyanide and requires the presence 
of some free alkali The equation 

A1 + 3NaAg(CN), + 3\aOH « GNaCN + 3Ag + .Vl(On), 

indicates the complete regeneration of XaCN and the formation of alumina, which, 
however, dissolves m AaOH to form an alumina te, which may be assumed to be 
NaAlOj The NaAlOj reacts with CaO in solution to form insoluble CaAliO* Geld 
is not readili precipitated by aluminum, unless a fair proportion of sliver is present, 
mcrcurj is, precipitated but copper is not 

Aluminum dust has been successfully used in silver mills at Cobalt, it is fed m a 
manner similar to zinc dust, but must be retamed m a special agitating tank to 
increase the tune of contact Hamilton's system, in use at Butters’ Divisadero plant, 
mvolves the removal of calcium by a minimum of soda ash prior to adding alunupum, 
the aluminum passing into solution being later thrown out by lime used m the miH- 
Hamdton states that m practice, 1 part of aluminum precipitates only 3 of silver la 
place of the calculated 12, the difference bemg maipli due to a reaction with NaOH 
to yield hydrogen Alumma in the precipitate makes refinmg difficult 

With zme, the essential reaction is, similarly, a replacement of gold and silver, 
the zme gomg mto solution as double cyanide 

Za + 2NaAu(CN)» = Xa,Zn(CN)i + 2Au 

No regeneration is apparent, but the double cyanide thus formed has a marked solvent 
action on gold and silver, which is increased by the presence of free alkali op to a ratio 
of about 4NaOH for each molecule, or about two and a half tunes the weight of zmc 
Precipitation is complicated by side reactions, especially the evolution of hydrog^ 
bytea«tionotZn.withNaCNaTidNaOHfotniing additional NasZnfCN)*aiidbajZuG» 
(zmeate), this H further reacts to form sulphide by reduction of NaCNS and other 
sulphur salts, the NajS then precipitating Pb, Hg, or Ag as gulphide instead of mctiu 
Some precipitation of Hg, Cu, etc , is due to direct action of zinc Christy and others 
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have written equations purporting to show a definite proportion between Au and H 
produced, but there is no fixed relation. 

Zinc shaving was recommended by Mac Arthur and Forrest for a ''metallurgical 
filter*' after testing various forms of zinc. U. S. patent 418138 (1889) describes a 
vessel or series of vessels, with perforated false bottoms, carrying a sponge of "filiform 
zinc" cut by turning tool from a series of zinc disks, solution being arranged to rise 
tlirough each section of a set of boxes or compartments. 

Zinc boxes are made of wood or steel, occasionally of cement, sometimes in units 
but usually in a scries of five or six similar compartments, each with a false screen 
bottom, the new zinc being added at the lower end and moved up as it disappears 
from the upper end. Each section usually has a plugged bottom hole communicating 
with a pipe or enclosed launder which leads to a tank or receiver for use at the cleanup; 
the top is often covered with coarse screen as a precaution against theft. At .a 
cleanup, the fine material is shaken down and washed through the screen bottom, and 
drawn off or washed down to the receiving tank, from which it is pumped to a small 
filter press. A considerable amount of precious metal is held back by the residual 
zinc moved to the head compartments. Some "short zinc" often has to be separately 
treated. It is advantageous to increase the space beneath the false bottom of the 
head compartments. The actual zinc-filled space usually recommended is 1 cu. ft. 
for each ton of solution daily precipitated, but in practice it may be one-quarter to 
double this. Five compartments are usually sufficient, but it is advisable to keep an 
empty compartment at the tail end. 

Suitabty packed, a cubic foot of fine zinc sha^dng weighs about 6 or 7 lb., but the 
coarser material used for silver may weigh 14 lb. It is now made by soldering together 
sheets of rolled zinc and coiling this closely on a roller or mandrel, which is then set in a 
lathe and cut by a chisel making an oblique cut at the ends. It is desirable when 
cutting to wind the thread into hanks of a size to fit the boxes in which it is used. 

If the sha^’ing is assumed to be a continuous rectangular strip of width a and 
thickness l> in., the surface exposed by 1 lb. of zinc is 

0.055 ^ -f- ^ sq. ft., or nearly — ^ if thin 

If the section is not rectangular, but a parallelogram of angle A, this must be multi- 
plied by coscc A, 

Zinc dust as a practical gold precipitant was first used by Sulman at Dcloro, 
Ontario, added intermittently to a rising stream of solution in an inverted cone, 
and passing to a filter. Later Waldstein and others added it by sprinkling it dry or 
as an emulsion in large charges upon vats of solution in a state of agitation, which 
was then pumped through square filter presses. Merrill introduced the practice of 
feeding it continuously to a moving stream of solution and using a triangular filter 
press; this system is now in use at nearly all the larger plants on the American conti- 
nent, and is gradually displacing shavings elsewhere. 

Feeders of several types are in use. One of the best is a slow-moving horizontal 
belt, on which a charge sufficient for several hours is spread in a uniform layer; this 
falls into a small mixing cone through which a trickle of auxiliary solution conveys it 
to the pump suction pipe. Another is a hopper at the outlet of which revolves a 
roller or pulley which removes a narrow ribbon of dust, the thickness of which is 
regulated by an adjustable slot. Or the zinc may be removed from the hopper by an 
.niigcrlikc Jiorizontal screw. These feeders require a jarring mechanism to prevent 
the dust from adhering or bridging. Sometimes a miniature tube mill is added as a 
mixer. For accurate raoasurement it is convenient to have duplicate tanks of 100 or 
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200 tons capacity, which are precipitated alternately, but a large single tank maj be 
pumped continuously while solution flows into it 

Abandoning air agitation effected a considerable saving of zinc, but the most 
marked improvement in precipitation has been the Crowe process of removing air 
from the solution by passing it through a vacuum tank on its way to the pump and 
lust before introducing the zme Percolation through sand clarifiers containing some 
finely divided iron and pj rite has been recommended In prccipitatmg gold, the 
practical minimum of zinc dust is now between 0 1 and 0 05 lb per fluid ton, or 25 to 
50 parts of zme per milbon of eolation When starting a press after a cleanup, it is 
advisable to add 50 per cent or more dust in excess of the normal charge, this is 
gradually diminished in successive charges until the regular amount is reached 

If line dust consists of equal spherical particles of diameter dm 1 lb exposes a 
surface of 0 165/d sq ft , and contains 7 544/d’ particles At an average diameter of 
1/10,000 m , 1 lb exposes 1650 sq ft , and 0 1 lb spread through a ton of solution 
gives some 13,600,000 particles to the cubic inch 

For complete reaction 1 unit w eight of Zn precipitates 6 03 umts Au, 3 30 Ag, 
or 1 93 Cii, but the efficiencies obtained m practice are often extremely low, some- 
times only a fraction of 1 per cent with low grade gold solutions, with rich silver soln 
tiocs 50 per cent may be reached, if complete exhaustion of the solution is not aimed 
at Gold solutions can usually be precipitated w ith zinc dust to within 1 cent per 
ton, with less expenditure of zme than shavings require 

The best zinc dust was formerly imported, it usually contained about 2 per cent 
lead and often some cadmium , a much more efficient dust is now made m the United 
States, practically free from foreign metals and extremely uniform m size, the finer 
grades nearly all passing a SOO-mesh sieve It invariably contains oxide, often 
between 5 and 10 per cent ZnO, but this is not visible under a microscope, which shows 
uniform bright sphencles The thickness of a surface layer of 10 per cent ZnO on 
spheres would be less than one-fiftieth the diameter Extreme fineness is advsn 
tageous with low grade gold solutions, but not necessary with the higher metal con 
centrations obtained from silver ores 

Yfith zme dust, 1 $q ft net filter surface suffices lor I 5 tons (or 50 cu ft ) solnalioa 
per day, or 6 tons per hr per 100 sq ft , with clear solutmus a press may be run for 
long penods at double this rate Colloidal suspended matter soon mcreases the pres- 
sure and reduces the pumpmg rate For gold solutions 2-m distance frames are 
(Mitahle, 3- or 4-in for silver On opening a press most of the cake falls into the 
wheeled tray placed beneath, the remamder is easily removed by scrapers 

The practical efficiencies obtained with zinc dust, and the accumulations of zin« 
in solution, have averaged about the same as with shavmg 

The dust process involves a more expensive installation than zme shavings, but 
has the advantage of greater compactness and cleanliness, and involves less labor 
m maintenance and cleaning up as w ell as less risk of theft The periodical cleanup 
IS absolute, while a holdover of several thousand dollars’ worth of precious metal 
commonly occurs with zinc shavings, and makes it impossible to compare the actual 
with what is often called the “theoretical” recovery After a destructive fire, prC" 
cipitate in a filter press has been found intact, while zinc boxes have entailed greet 
difficulty in the attempts to recover their contents At a gold plant a press occupying 
a floor space of 5 X 14 ft can easily carry a month’s accumulation of $40 OOO 
The comparative cost of the two systems at any tune depends, of course, upon the 
wage scale and the relative prices of zinc dust and spelter The Crowe process effects 
an economy in both 

Zinc in other forms has occMionally been used as a precipitant, such as small 
disks, slugs, or balls m a rotating cylmder or pan through which solution passed 
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Sodium sulphide, Na^S, does not appreciably affect gold or copper in cyanide 
solution, but precipitates silver as AgeS from NaAg{CN) 2 , at the same time regener- 
ating NaCN and carrying down some gold in the presence of a large proportion of 
silver. Giving to the reversibility of the reaction, either precipitation must be 
imperfect or a slight excess of NasS must remain in solution, which is an objection 
to its use, as is also the necessary further treatment of the precipitate. It was 
patented by Janin and Merrill in 1894, but was not used until adopted at Nipissing 
as a substitute for the expensive aluminum dust. The precipitate is here reduced 
to metal by the Denny process, by contact with slugs of aluminum in a tube 
mill. 

Carbon as a Precipitant. — Graphite has no precipitant action whatever on gold or 
.silver in cyanide solution, nor has wood fiber (cellulose). Charcoal, partly burned or 
charred wood, some varieties of decaying wood, and some of the carbonaceous material 
found in certain black or “graphitic'^ shales and slates, all precipitate gold from its 
solutions, some of them rapidh^, and in some cases they may prevent its solution. 
Frcshlj’’ burned charcoal is most energetic; after long storage it Is much less effective, 
but the precipitating property may be largely restored by reburning. It is usually 
assumed to be due to occluded gases (CO or H), but nothing has been definitely deter- 
mined on this point; these gases and the hydrocarbons in their ordinary form are quite 
inert. Coke and some varieties of coal have some precipitating effect, and in South 
Africa Caldecott patented the use of partly burned coal as a precipitant. In Aus- 
tralia, charcoal has been used to some extent as an actual precipitant, but the large 
volume required makes it inconvenient, and the final recovery of the gold is trouble- 
some. Silver also is less completelj’’ precipitated. 

The discover}^ during the First World War, of means of activating charcoal, and 
the known high activity of coconut shell and other dense charcoals, and of kelp char, 
and the fact that fresh pine charcoal is almost equally effective as a gold precipitant, 
all suggest that charcoal has some practical possibilities if a better mode of application 
is discovered. Agitation with finely powdered, recently burned charcoal followed by 
filtration gives promising results on the small scale. 

Edwards at Yuanmi, Western Australia, used three Butters-type vacuum filters 
in series, each of 260 sq. ft. surface and charged with 300 lb. of ground charcoal; this 
system precipitated 280 to 420 tons daily, leaving 7 to 8 cents gold in solution out of 
an original $3.25. One filter was renewed every three days, making consumption 14 
to 13 lb. per ton. The dried product was burned and the ash fluxed in crucibles with 
borax, sand, and salt. 

Refining. — Drj' cyanide precipitate may contain up to 70 per cent metallic zinc 
or ZnO; that obtained by zinc dvist from gold ore averages about 25 to 40 per cent, 
that from rich silver ore much less. If precipitant and solutions were lead-free, 
precipitate from rich gold or silver solutions may be melted directly in crucibles with 
borax; it is more commonly acid- treated to remove zinc or sometimes roasted in iron 
muffles ns a preliminary step. The removal of zinc bj’- distillation in Faber du Faur 
furnaces lias been used experimentally. 

Borax is the most important flux, best used as crushed borax glass; the crj^stals 
contain 50 per cent of water. Soda ash and silica arc also useful, depending on the 
impurities to be fluxed off; bicarbonate is sometimes used in place of soda a.sh, though 
more expensive and less efficient. Kit or or sodium nitrate maj" be used to oxidize 
zinc, sulphides, etc.; manganese peroxide may be substituted, as it gives off oxygen 
more gradually; oxidizing agents attack graphite crucibles, and also tend to carry 
silver into the slag. Clay liners may be used to protect the crucibles. Fluorspar 
helps to inaintaiu fluid slags. Litharge is used only when cupellation is the final step 
in the refining process. 
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Lead present in zinc or added to solutions appears in precipitate as metal or l*bS 
and sulphuric acid removea but little of it Acid treatment, if followed by thorough 
washing, removes most of the zinc and calcium, and part of the copper It is carried 
out in a lead Imed tank with a mechanical agitator, water being first introduced and 
strong acid added gradually to prevent boilmg over A suction fan is necessaij to 
remo\ e fumes, especially HCN, HjS, and AsH|, and care is also necessarj on account 
of the hydrogen evolved When action ceases, more water is added, the liquid is 
decanted on a filter or through a small filter press, the precipitate is then trans- 
ferred to the filter and washed and finally dried to a stage where it can be handled 
without dustmg Sodium bisulphate, NaHSO<, a by-product of acid works, may be 
used as a substitute for sulphuric acid 

After acid treatment sibca cadmium, mercury, and some copper remam with the 
precious metals, and some CaSOi and ZnSO^, mercury may sometimes be profitably 
distilled oil after adding hme or metalhc iron to decompose HgS On melting mth 
reducing agents sulphates are deoxidized, yielding matte, which usually carries silver, 
as well as copper, lead, and iron 

Large crucibles, up to No 400, may be used m tdtmg furnaces fired with oil gas 
or powdered coal sizes 100 and smaller may be poured with hand tongs from wind 
furnaces nsmg coke, etc Electric heatmg has been but little used In direct fluxing 
the cost of graphite crucibles is a serious item, melting maj also be done without 
crucibles in tilting furnaces Imed vnth carborundum or other refractory, or large 
crucibles may be set on a reverberatory hearth 

Rich silver precipitate is, at large plants, fused directly on a reverberatory hearth 
and tapped to molds, at Nipissing it is finished on the hearth by air blast refining 
United Comstock has an oil fired tilting reverberatory 

The Tavener process, developed m South Africa, consists m mixmg the precipitate 
with litharge and some sand, and smelting in a small reverberatory or pan fnmsce, 
the reduced rich lead is tapped off and cupeled 

At the Homestake, precipitate, raw or acid treated, is partly dried and briquetted 
after mmng with a flux of borax, borax glass, litharge, and a bttle sihca The 
briquettes are fused in a small Enghsh cupel furnace on a test of Portland cement 
(three-fourths) and limestone (one-fourth) which is started by adding a httle lead 
the slag 13 tapped off from time to time together with some of the reduced lead 'When 
all melted the surface is cleaned off and the lead cupeled on the same test, returning 
accumulated lead , the final slab of gold is broken up while still hot, melted m cm 
cibles, and cast into bars Low grade precipitate is best briquetted, passed through 
a small blast furnace, and the lead cupeled 

The cupel slag, matte, and similar by-products are treated m a small blastfurnace 
and the lead is either cupeled directly or used to start cupellation m the next ram 
The htbarge from the lead processes is ground and used for flux at the next cleanup 
If the precipitate is briquetted and treated raw, the increased losses m lead m slags 
etc , offset any saving m acid The holdover m blast-furnace by product lead and 
litharge is less than 1 per cent of a month s run, and the only by-product to be mar 
keted la the impoverished matte from the blast furnace 

In fluxing, 100 lb of taw gold precipitate may give up to 100 or even 200 lb of 
slag, after acid treatment and lead refinmg about the same total of slag and litharge 
together, but the proportions vary greatly with the flux and condition of the 
precipitate 

At all plants large enough to justify the expense-treating, aa>, at least 400 or 
SOO tons daily— a small lead blast furnace is an excellent mvestment Not only can 
the by-products of cyanide cleanups— and if necessary the entire cleanup afl«^ 
briquetting it or settmg it with some binder— be treated economically m such a fur 
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nace, but all sorts of by-products can be handled at intervals with little or no previous 
preparation, such as mill skimmings, rich pyrite, black sand, iron superficially amalga- 
mated, old copper plates, sweepings, rich slags, and crucible scrapings. An important 
essential is to avoid charging finely divided material, or the blast may become choked 
and the furnace freeze. Fines must be briquetted or set with some suitable binder, 
such as water glass or acid. 

In preparing cj^anide precipitate for refining by means of a cupel or blast furnace, 
the expense is about the same whether a preliminary acid treatment is used or not; the 
use of acid effects an important reduction of the lead losses. If much zinc remains in 
the mass smelted, the slags become stiff from the presence of spinellike compounds, 
and more lead must be left in the slag. If the washing of acid-treated precipitate is 
imperfect, sulphuric acid or sulphate of calcium or zinc remaining, the SO 4 becomes 
reduced in the cupel or furnace and matte is formed. 

In many cases the mixture of by-products is almost self-fluxing, requiring onty the 
addition of a little limestone or assay slag to run freely. Fluorspar is sometimes useful 
in maintaining a fluid slag. In the final furnace by-products, such as matte, slag, and 
litharge, the ratio of silver to gold is generally much higher than in the bullion bars. 

Air and Oxygen in Cyaniding. — The ox'ygen necessary to dissolve gold is supplied 
by air dissolved in the solution, which is slightly less than that carried by an equal 
volume of water. Additional oxygen may be furnished in leaching by allowing the 
solution to drain low before adding more, and thus entraining air; sometimes air is 
blown for several hours at a time through the filter bottom after draining a charge, 
and it may be similarly blown through charges of slime in the filter press. 

In slime treatment, air thus serves a double purpose, being used as a mechanical 
agent in agitation or air lifting, as well as to aid solution of gold ; when transferring 
pulp by centrifugal pumps, air is sometimes admitted at suitable openings, and one of 
the advantages of the “double treatment” of sand is to admit air freely. 

The oxygen required for actual dissolving of gold is small in quantity. Assuming 
the interstitial vSpace in sand as 50 per cent, the solution contained in a ton of saturated 
sand (specific gra\dty, 2.G) would suffice to dissolve over 2J4 oz. of gold or 1.5 oz. of 
metallic silver, were it not used up by reducing agents, but to oxidize these reducing 
agents (mainly ferrous and sulphur compounds in ore, or organic matter introduced) a 
large volume of additional air must be supplied. In precipitation, the presence of O is 
undesirable; sec under Crowe Process (page 328). Deep agitators and pressure filtra- 
tion favor the dissolving of O, while vacuum treatment removes it from solution. 

Excessive use of air is undesirable, as it carries off some HCN due to hj^droiysis of 
KaCN, but free alkali almost entirely prevents this. The CO2 in atmospheric air also 
tends to decompose NaCN; the CO2 in 1000 cu. ft. of free air at sea level will decom- 
pose about 0.1 lb. NaCN, or consume O.OG lb. of CaO, jdelding over 0.1 lb. of CaCOj. 
It may be removed hy washing the air with caustic soda or lime water. Accumulation 
of CaCOj on cloth gradually reduces its permeability; this is partial]3^ restored by 
treatment with dilute HCl, but each successive acid wash leaves the cloth a trifle less 
effective than the preceding. Air from compressors usual carries oil, which produces 
an objectionable coating on filter press cloths; this oil may be excluded passing the 
air through a special filter press of a few large frames. 

At sea level and freezing point, 1000 cu. ft. of air contains 1S.G5 lb., 8.G kg., or 
272 troj' oz. of oxygen. But at ordinary' ranges of temperature and atmospheric mois- 
ture, the 0 actually present is between 90 and 95 per cent of these weights; at higher 
altitudes, tlic weight of O per 1000 cu. ft. is directly proportional to the lower baro- 
metric pressure. It is convenient to read this by a mercxirial barometer and to note 
that tlic prc.‘5suro of a 1-iu. column = 0.49 lb. per sq. in., also that the barometer 
falls about an inch for each 1000 ft. elevation from the normal 30 in. at sea level. 
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Baiometer, inches mercury 

Approximate elevation corresponding 

30 1 

25 0 1 

20 0 

0 , 

5,000 ft 1 

10 000 ft 

Pounds per square inch 

14 7 

12 25 

9 80 

Relative solubility of oxygen 

100 

83 3 

1 

66 7 


SottJBurrr of Oxygen in Distilled Water When BIefosed to Am at Sea Level 
{\Vinxler) 


Temperature, Centigrade 

0 

5 

10 

15 

20 

25 

30 

Temperature, Fahrenheit 

32 

41 

50 

59 

68 

77 

86 

Oxygen, cubic centimeters pet liter * 

10 2 

8 9 

7 9 

7 0 

6 4 

5 8 

5 2 

Oxygen, nulligrams per htex* 

14 6 



10 0| 

9 JS| 

6 J5| 

7 6 


A From an atmosphere of pure o\3 geu the solubihty is about 4 B this Nitrogen from air di8* 
solved at double these vdiiimes 

* MulupVy Iheae -freighta by 0 00? foi pouni^a O nnd by O 029 lor tTo> ounce® O y*r ton of Tfater 


For cyamde solutions, at sea level, it is safe to assume the solubility of 0 as over 90 
percent of that in nater (MaeJaunn found STper cent for 1 per cent KCN, 50 per cent 
for 10 per cent KCN) and at higher altitudes, to reduce this proportionately to baro- 
metric pressure Thus at SOOO-ft elevation the maxunum solubdity of O jn ordinary 
solutions may be taken as about S mg per 1 , or 8 parts per mUlion, ivhich is about 
0 23 troy oa per ton sufficient to dissolve 5 7 oz gold or 3 1 Da inetaffic silver 
In Working with, deep tanks and especially at high altitudes, it is important to 
remember that the solubility of oxygen varies with the absolute pressure (gauge -f 
atmosphere) In a sUrac tank containing pulp of specific gravity P, at a depth of II ft 
from the surface the gauge pressure (pounds above atmosphere) = 0 433FII Thus 
in a Tachuca tank 45 ft deep filled with pulp of specific gravity 1 2, the pressure at 
bottom = 0 433 X 45 X 1 2 = 23 4 lb per sq m 

It this IS at an elevation of 500Q ft , with barometer standing at 25 in (25 X 0 49 
= 12 25 lb ), the solubility of oxygen at the bottom will be nearly treble that at the 
surface 

23 4 + 12 25 _ 

12 25 " “ 

In working with thick sbme the role of solution of oxjgen, like that of other sub- 
stances such, as gold or cyanide, is much dimmisbed as compared with thin pulp 
e'ear solution 

Solutions recently precipitated with zinc or aluminum, especially after lacuuni 
treatment, are practically free from oxygen and nearly saturdfed with bydrogon and 
therefore, m the most unfavorable condition for dissolving gold, they should be given 
an opportunity to aerate by cascading spraying or agitation 

Heatmg Solutions — Both the dissolution and precipitation of precious metsl 
as well as the settbng of sUrne are accelerated by a moderate rise in teroperaturc, 
and systematic heatmg of solutions has often been proposed It has bee® advan 
tageously earned out vv nh extremely cold solutions, or to assist in thawing frozen ore 
Heatmg above 50 or eO'F is, however, of doubtful value, as it dimi nishes the sola 
bility of oxjgen and favors decomposition of cyanide 
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When exhaust or cheap steam is available, it may be led through coils or zigzag 
pipes near the bottom of solution tanks or sumps; conveying pipes and launders should 
also be protected from cold. 

The settling of slime and filtering of solution through sand are also facilitated by 
heating; the rate of settling (and, therefore, the capacity of settling tanks, etc.) is 
inversely proportionate to viscosity of liquid. The settling rate of a slime is propor- 
tional to 2' + 10, where T = temperature Fahrenheit. Thus if a particular slime 

settles 18 in. per hr. at 40°F., its settling rate at 60'" will be 2 b ^ 

per hour. The same rule holds approximately for filtration rates. 

In crushing ore, most of the energy applied to the machines becomes available as 
heat in the resulting pulp. As the specific heat of most ore and rock is between 

0.2 and 0.25, that of solution being practically 1, it is easy to compute roughly the rise 
of temperature that may be expected. With low water ratios it is often of importance 
as an insurance against freezing. One hp.-hr. = about 2550 B.t.u. and raises a ton 
of water about 1.25°F., or a ton of dry ore 5 to 6°F. 

Fouling of Solutions. — In the earlier days of cyaniding much was said of the 
fouling of solutions, and it was necessary at times to dispose of ‘Touled” solution and 
make a fresh start. This is now rarely necessary; solutions are used continuously 
for many years without renewal and without material change in composition. The 
daily elimination of solution in residues, and in first and last drainings, is an appreci- 
able percentage of the whole stock of plant solution, so that the solution is practically 
renewed everj’' few months.^ Zinc is removed to some extent by precipitation or 
adsorption on the ore or tailing. 

Regeneration of the cyanide usually lost as a solvent has proved an attractive 
field for invention, but so far has met with comparatively little success. The following 
lines have naturally suggested themselves. 

1. Precipitation of precious metal by a metal simultaneously regenerating NaCN, 
such as Na directly, or A1 indirectly; Zn itself has some effect, as its double cyanide is a 
feeble solvent, rendered more active by the presence of free alkali. Electrolytic 
precipitation may be included here. 

2. O.xidation of HONS to HCN + SO3 or of NaCNS to yield NaCN + SO3, the 
latter with alkali forming sulphate. This may be effected by electrolysis or by certain 
oxidizing agents, but the yield has always been disappointing, owing to decomposition 
of the product. In this connection, reference must be made to the Clancy project. 

3. Neutralization or acidification of solutions; on the one hand, yielding insoluble 
cyanides [CuCN, AgCN, Zn(CN)n; CuCNS, AgCNS; occasionally ferrocyanides), and 
on the other, liberating HCN, The precipitates must be separated to recover Au, Ag, 
and part of their contained CN by suitable means; the HCN may be removed at least 
partially from the solution by heat, by passing a current of air or gas, or by appl>dng 
a vacuum as in the Crowe process. Gaseous HCN thus liberated maybe absorbed in 
a suitable alkaline solution to form NaCN or Ca(CN)2, or the HCN in solution may 
be fixed by addition of alkali. 

The general idea has been to operate upon “fouled solutions” or on the “low 
solution” normally and unavoidably thrown away daily in some form. The low 

I If p is tfie pcrcentaRc of stock solution discharged daily, and x the percentage of any substance now 
present remaining in the system after n days, 

loKx = nlog ( 1 -^) 4-2 

Thus, supposing 5 per cent of the stock is daily removed, only about 21.51 per cent of any material now 
in solution vdU remaiii after 30 da>-s, *1.6 per cent after 60 days, less than 1 per cent after 90 days, etc. 
Hence, if any radical cliatige made in the treatment, such as substituting NaCN for KCN, the solu- 
tions soon re.ach practical equilibrium. 
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concentiation o{ Bolutions la general nse has militated against the completeness o! 
precipitation and volatilization 

Filter Cloth — Many ■varieties of filter cloth have been used in cyanidtng ore, 
precipitation with zinc dust, and handlmg acid-treatment liquors Cotton cloths 
of all the three common wea-ves — plain can\ as with single or double thread, twill, 
and sateen — have been found satisfactory when the weight of material selected is 
suitable for the pressure and conditions of use The more complicated weave known 
as chain cloth seems to have no sufficient superiority to justify its price Paper » 
not generally to be recommended 

For precipitation it is convenient to use one of two systems (1) a fairly heavy 
cloth backing, covered with light “domestic” or twJl, the latter to be removed at 
each cleanup and burned, or washed and re-u«ed once or twice, or {2) two layers of a 
medium-weight material, the outer to be removed at cleanup and either burned or 
washed for re use When re clothing, a new or washed cloth is put next the plate and 
the origmal under cloth replaced above it Occasionally three or four thicknesses of 
very light material have been used, the outer layer bemg taken off at cleanup and a 
new one placed next the plate 

For filter bottoms of leachmg vats a hea'vy canvas (such as No 8 or 10-oz duck) is 
desirable and will last one to two years It may be acid treated in place if the usual 
accumulation of calcium carbonate checks the leaching rate decidedly A similar 
cloth may be used m filters of the hloore and Butters types, for slime presses a similar 
heavy canvas may be covered with a light or medium twill These may similarly be 
acid treated by 'using hydrochloric acid, so highly diluted as to avoid attacking the 
iron frames 

The nominal “ounces” rating of canvas refers to the weight of a nuiningyard of a 
standard width of 22 in , the “ounces” may be read directly by notmg the weight m 
grams of a sample cut 4 X 7in {28sq m,orl80Bq cm) The "number "is approxi- 
mately obtamed by subtractmg the ‘ ‘ ounces ” from 1 9 Thus if a sample of duck, 4 X 
7 in , weighs 9 g , it indicates “9-oz ” duck, or “No 10 ” Figures thus determmed 
usually agree 'withm one unit with the commercial ratings, but dealers occasionally 
apply the ounce rating to the square yard, makmg the nominal weight about 60 per 
cent too high The present tendency is to specify weight per square yard, irrespective 
of the actual width of fabric 

MODIFICATIONS OF THE CYANIDE PROCESS 

Bromocyanide Process — This depends on the reaction 

BrCN + SNaCN + 2Au = 2NaAu(CN), + NaBr 
the BrCN bemg added as sucb, or obtamed from bmmide and bromate 

2NaBr + NaBtOv + SNaCN + SH^O, = SBrCN + SNa^O* + 3H,0 

The bromocyanide process has been used m Western Australia, and to a lunited 
extent m Canada and Colorado An excellent r&umd with bibliography is given 
by Stevens and Blackett » Bromocyanide can be used to advantage only on two 
classes of ore (1) ores contammg minerals such as tellurides, more soluble with 
this reagent than with plain cyanide, (2) ores requiring rapid dissolution of gold 
m order that other substances m the ore shall not have time to dissolve and foul 
the solution A pTehminary treatment with plain cyamde is always advisable 
No appreciable amount of free alkali must be present BrCN itself decomposes 
rather rapidly in solution and also induces wastage of NaCN BrON is rath®' 

i frOM J Jf if. Vol 29 p 280 
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expensive, and so are the mixtures from which it may be prepared (Br + NaOH + 
NaCN, or NaBr + NaBrOa + NaCN), and the ‘‘mixed salts” used for this purpose 
arc liable to decomposition in storage. Cyanogen chloride cannot be substituted, 
and ICN is too expensive. 

Gitsham Process. — ^Free HCN in the presence of oxygen has a slight solvent 
action on gold. This process proposes to use feebly acid solutions, especially for 
ores containing antimony, copper, and other base metals. The eflOluent solutions 
are to be neutralized by lime before precipitation by zinc, and reacidified with addition 
of enough alkaline cyanide to bring them up to suitable strength. 

Gilmour-Young Process. — This system was devised at a Nicaragua mine to 
utilize the existing Boss process pans for cyaniding rich ore. Copper amalgam was 
made by treating mercury with copper sulphate and iron filings, the squeezed product 
carrying about 15 per cent copper; zinc amalgam was sometimes added. A charge 
of dry ore was ground with cyanide solution and about 200 lb. of mercury for 2 hr.; 
30 lb. of copper amalgam was then added, and the whole ground 4 hr. longer, when the 
mercury was separated. The squeezed amalgam was enriched by repeated use and 
finally retorted, yielding bullion 700 to 750 fine. 

Diehl and Marriner Processes. — These were evolved to treat the rich tclluride 
ores of Western Australia. The Diehl process consists in wet crushing, sliming, and 
treatment first with KCN and then with BrCN in agitation vats and filter presses. 
The Marriner system involves dry crushing, roasting, amalgamation, and treatment 
of the roasted ore by percolation or by fine grinding and filter press. There were many 
modifications of each system in use ; the results and costs did not differ greatlj^ as the 
cost of bromocyanide in one case offset that of roasting in the other. With the wet 
process, concentration was often practiced, and the concentrate roasted preparatory 
to cyaniding. 

The Usher process was an African slime method in which, after one stage of 
agitation, solution was introduced by miiltiple pipes over the bottom of a flat or cone- 
bottomed tank, and the upper clear portion continuously decanted for precipitation. 
Finnllj" the slime was allowed to settle as usual. In one modification of the process 
umber, containing manganese peroxide, was used as an oxidizer. 

The Denny desulphurizing process is used at the Nipissing IMine, Cobalt, to pre- 
pare silver sulphide ores for cyanidation. By grinding them in tube mills with ingots 
or slugs of aluminum and caustic soda, all silver minerals are decomposed, except 
dyscrasite, >nclding metallic silver which is amenable to cyanide. At the same time 
NajS is formed, which can be used as a precipitant. Tlic process is completed by 
agitating the pulp 12 b' m a tank lined with aluminum plates. 

Antidotes to Cyanide Poisoning. — The following materials should be kept at every 
cyanide plant and laboratory; sets should be placed at convenient points on every 
floor at which solutions are handled. 

One scaled bottle (preferably a quick-opening “citrate of magnesia” bottle with 
rubber gasket), containing 1.5 g. of caustic soda, NaOH, dissolved in 300 cc. of water. 

One scaled bottle (preferably a 2-oz. wide-mouthed bottle with large projecting 
cork), containing 7.5 g. [}4 oz.) of ferrous sulphate crystals dissolved in 30 cc. (1 oz.) 
of water. This water should be freshly boiled, and the vacant space in the bot tie filled 
with carbon dioxide or In’drogen, to prevent oxidation; the cork must be completely 
covered with melted paraffin or scaling wax. 

One corked lube containing 2 g. of finely powdered magnesia. 

A large cup, of at least a pint capacity, preferably of white enamel ware, which 
will liold the three pre^vnous items, together with a spoon or flat stick for stirring them. 
When required, the ferrous sulphate is to be poured into the cup, followed by the soda 
and magnesia, and the wliolc well stirred and swallowed; no time should be wasted. 
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It 13 desirable to add a rubber stomach tube and a wooden gag, go that the antidote 
may be poured into the stomach of an unconscious patient if necessary 

These materials should be kept in a glass fronted cupboard, easily accessible and 
conspicuously marked, and all foremen, and shift bosses fuUy instructed m their use 
The soda requires renewal after 2 or 3 years, as it slowly attacks glass The ferrous 
sulphate also oxidizes slowly, but a small amount of yellow deposit maybe ignored, as 
tong as the solution remains strongly green 

The above >3 know n as the Martin antidote, and was developed by Dr G J Martin 
and R A O’Brien, of Melbourne, in 1902 Variations of the outfit have been put on 
the market by different dealers, but the equipment can be easilj prepared at any 
laboratory The essential reaction is the formation of ferrous hydroxide, avoiding any 
excess of caustic soda, and con\ ersion of the cyamde into harmless ferrocyanide 
Among other remedies that have been suggested are hydrogen peroxide (2 per 
cent solution used hypodermically and as a stomach wash), cobalt salts, adrenalin, 
sodium cacodylate, and silver nitrate (dilute solution followed by an emetic of salt 
water and mustard) 

Plant Precautions — An eczematous condition of the skm ma 3 ’ be caused by long 
contact with strong cyanide solutions This should be avoided at cleanups of zme 
boxes by greasing the hands and u caring rubber gloves in handling wet ghavmgs, it is 
unnecessary to handle solution at other times 

Zinc shaMug and dust, and aluminum dust, are decidedly inflammable Caustw 
soda falling on zme dust reacts with the evolution of enough heat to ignite the liberated 
hydrogen and cause the zme to smoulder Extinguishers of the carbon tetrachlonde 
type must not be used on zinc-dust fires, as the reaction (Zn -f- CClt) yields various 
toxic and irntatmg ga^es 

MINOR AND OBSOLETE PROCESSES 

Chlorination Process lor Gold — This process was based on the fact thatchlonne, 
in the presence of moisture, converts gold into the trichloride (AuCIi), which is 
soluble in water and removed by washmg, the gold being then precipitated b 5 ferrous 
sulphate sulphur dioxide, hydrogen sulphide, or charcoal Coarse gold requires long 
contact and should be removed by amalgamation Pyritic ore or concentrate requires 
a dead roast before chlorination, thoroughly oxidized ore may be treated directly 
Basie ores — contammg lime and especially magnesia — absorbed much chlorine and 
might become heated This was checked by roasting with a high temperature at the 
finish, to frit the magnesia with silica Chlormation was suggested by Perej and by 
Plattner independently in 1848, though Plattner apparently made the first comm®*’ 
cial application of the process to the arsenical ores of Reichenstem, Silesia 

The Eeetken or Cahfornia process was carried out in comparatively small wooden 
vats with bottom filter of perforated boards, resting on slats and covered with coarse 
gravel and sand , a vat 8 ft m diameter with 3-ft staves would hold about 3 tons The 
crushed and roasted ore was loosely charged by sifting m a moist condition to facih- 
tate leaching, a cover was luted on with clay or dough, and gaseous chlorine geaei- 
ated in a lead vessel from manganese dioxide, salt, and sulphuric acid was admitted 
by a lead pipe to the bottom until it could be detected at a hole m the cover In 
practice, liquid chlorine was purchased m steel cylinders After 12 to 36 hr contact 
(adding more chlorine if necessary) , water was turned in at the top, any chlorine escap- 
ing at the bottom pipe being led to another vat The yellcxw solution was run to the 
precipitating vat and the charge n ashed until the effluent was colorless The residue 
was then shoveled out, if much silver was present it was transferred to another v»t 
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and leached there with hyposulphite solution. Some ores, rich in silver, were first 
leached with hyposulphite and then chlorinated. 

The barrel process, used on a large scale in Colorado, involved the rotation of the 
ore in barrels of wood or heavy lead-lined steel, holding 5 to 25 tons, while chlorine 
was generated under pressure in the mass by means of bleaching powder and sul- 
phuric acid. Barrels were often built with an internal filter on one side, consisting 
of pebbles or coarse sand confined by slotted boards and a perforated lead plate. 
After 3 to 6 hr. water under 20 to 40 lb. pressure was admitted by a trunnion and 
washed the charge in 1 to 2 hr. A ton of ore would use at least 10 lb. of bleach and 
15 ib. of sulphuric acid. The ore was charged dry from a hopper and discharged by 
sluicing through manholes in the side. 

The Munkiell process consists in leaching the ore with two solutions, one of bleach- 
ing powder, the other sulphuric acid, which mix at the time they arc applied. At Mt. 
Morgan, Queensland, a solution of chlorine in water was similarly used, 100-ton 
charges of ore being leached in rectangular concrete vats, 60 X 12 X 5 ft., lined with 
pitch and provided with bottom filters of sand resting on perforated planks and 
joists. This was superseded by the permanganate-chlorine process. 

The Black-Etardf or permanganate, process employs long contact with a solution 
of potassium permanganate, salt, and sulphuric acid (about 6 lb., 120 lb., and 140 lb. 
to 5 tons or 1000 imp. gal. of water), the color indicating its strength. The original 
Etard formula used permanganate and hydrochloric acid. 

The M ears process is barrel chlorination in which gaseous chlorine is pumped into 
the charge under its own pressure. Thies first employed bleaching powder and 
acid to produce the pressure. Newbery and Vautin used air pressure to accelerate 
the action of the chlorine, and the Pollok patents specify water pressure. Ankeny 
used the more expensive bromine in place of, or in conjunction with, chlorine. Many 
other early patents dealing with chlorine and bromine are described in O^Driscolk.s 
** Notes on the Treatment of Gold Ores.” 

In California, precipitation \vas usually effected by ferrous sulphate, made by the 
action of sulphuric acid on scrap iron. Sulphur dioxide was commonly used in con- 
junction with the Colorado barrel process, generated in iron retorts from sulphuric 
acid and sulphur or charcoal, or hydrogen sulphide, and sa^vdust filters. Charcoal 
was used as precipitant at Mt. Morgan. The solutions w'cre usually passed through 
boxes filled wdth scrap iron to precipitate copper or silver before being discharged. 

Boasting was usuallj'’ effected in California by hand-rabbled wood-fired reverbera- 
tor ies; elsewhere in \Vhitc-Howcll or Bruckner cylinders, Pierce turret furnaces, 
Merton or Edwards furnaces, etc. At Mt. Morgan the Richards furnace w'as used, 
cascading the ore from successive shelves. Residues from pyritic ores w^ere often 
ground for paint. 

The Patera process utilizes the solubility of silver chloride in solution of sodium 
thiosulphate, NasSsOj.SHjO (the hyposulphite of photography) and precipitation of 
silver as AgS by NajS. This 'was suggested by Percy and first applied by von Patera 
at Joachimsthal in 1858. 

The ore is roasted vAtb addition of salt (4 to 8 per cent), part of it being added 
near the finish ; the hot ore is Avetted and allo'n^ed to stand some hours to favor chlorid- 
izing of the silver. It is then bleached in wood vats wnth 'warm 'water to remove 
bnse-mctal chlorides 'which also dissolve a little AgCl, Hyposulphite solution is then 
applied and finally ^Yash water, and the effluent run to *'base metal” tanks until a 
trace of In^po is found, then to the silver tanks. The base solution may be precipi- 
tated by Na:S, or Ag may be thrown do'^vn b}” cement copper, and copper by scrap 
iron, or iron may be used at once. The silver solution is precipitated by sodium 
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gulphide, carefullj avoiding an excess, after separating AgjS bj settling or filtration, 
tbe solution can be used again 

A suitable soh ent is 0 5 per cent of crystallized NajSiOj 5HiO, but up to 2 per cent 
may be used in abt-cnec of base metals, 1 ton of 0 5 per cent solution dissolves 30 to 
40 oz of silver It also dissolves PbSO« and PbClj, adding NaiCOi then precipitates 
PbCO, Sulphates retard solution of silver, free alkali is more prejudicial 

Commercial sodium xnonosulphide may be used as precipitant, or a poljsulphide 
{NasSi or NajSs) may be made by heatuig caustic soda with sulphur {see under 
Kiss Process) 

The vats used were generally small, occasionally up to 25 or 50 tons capacity 
The precipitated sulphide was usually filtered in conical canvas bags bung on non 
rings m a frame , a filter press was Bometimes used Tbe dried precipitate was some- 
times refined by charging upon fused lead on a cupel, or might be smelted with lead 
ores 

The Kiss process nominally substitutes calcium thiosulphate and sulphide for the 
sodium salts used by von Patera The precipitant is usually made by boiling lime 
and sulphur by means of steam, jnelding polysulphide and thiosulphate 
3CaO + 12S = 2CaS. + CaSjO, 

The precipitated AgiS is therefore mixed with excess sulphur, and thiosulphate u 
added to the solution Starting originally with NaiSiO* this would gradually be 
replaced bj the calcium salt, but part of tbe calcium is usually precipitated by sul 
phates as CaSOi, and additional sodium is introduced from salt in the charges Abou^ 
3 lb of lime and 2 lb of sulphur with a ton of water would msJee enough precipitant 
for 50 to 100 lb of silver 

O Hofmann states that, with ores contaming little or no Cu, the percentage of 
silver chloridized may be increased by using CuQi (or a mixture of 3 to 4 lb bluestone 
and 0 to 8 lb salt per ton of ore), added by degrees to the preliminary wash water 
In the Russell process, it is claimed that a treatment with "extra solution” con- 
taining some CujSiO* (prepared by adding bluestone to thiosulphate) extracted addi 
tional silver and was much more effective m diasolvmg gold 

The Ausmltn process consisted m giving a chloridizing roast to sdver ore or matte, 
and leaching with a strong solution of common salt, which dissolves silver cWonde 
to a limited extent The silver was then precipitated by metalhc copper, and the 
copper by scrap iron The cement copper was then melted and granulated for re-use 
The Ztervogel Process — Argentiferous matte was toasted to form sulphates 
cautiously raising the temperature to decompose those of iron, copper, etc , while 
sdver sulphate remained unchanged, and was leached out by hot water The process 
was also applicable to ore 

Silver sulphate (Hofman and A\ anjukoff) begins to decompose at 917‘C an& » 
completely reduced to metal at 923, copper sulphate, stable up to 553, is coinplcl*^y 
converted mto CuO at TSG®, zinc sulphate at 767, ferrous sulphate passes mto basic 
ferric sulphate between 167 and 480”, while feme sulphate begins to dissociate at 492 
and IS completely converted mto FeiO« at S60”C AgjSOi dissolves in 180 parts of 
cold or 00 of hot water and is much more soluble in hot ^lute sulphuric acid, in cither 
case It 13 precipitable by copper, iron, or sulphides 

In the Claudel process, the product of a chloridizing roast of copper pyrites was 
leached with solution of sodium and ferric chlorides, which dissolved AgCl, CuCl» 
and some PbCli By addition of Znij (or Nal) silver was thrown down quantitatu 
as Agl, together w ith some Cul and Pbli and any gold that may have dissolved 
The precipitate was separated, washed, and reduced with metalhc zinc, >iclding 
spongy silver and a solution of Znij, which was used agam as precipitant 
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Or, by digesting the precipitate of Agl, etc., ^vith sodium sulphide, AgsS was 
formed and Nal regenerated as a precipitant. 

GiWs process was similar, but employed H 2 S gas as a precipitant, until about 
5 per cent of the Cu was precipitated, which ensured all the silver being thrown down. 

SILVER AMALGAMATION 

The Patio process was originated by Bartolomd de ^ledina about 1557, for the 
rich silver ores of Pachuca, and was widely used in Mexico and in South American 
coimtries. This process is described at length in Chap. XVII, Chlorine in 
Metallurgy, 

The Patio process was worked for some time in Nevada on Comstock ore, but 
failed owing to climatic conditions, and this led to the adoption of the Washoe or pan- 
amalgamation process. 

The Washoe process, or pan amalgamation, was developed at the Comstock 
mines, Washoe County, Nevada, the ore being stamped dry or wet, and the pulp 
treated in batches, usually three per pan daily. The pans differed greatly in detail, 
having cast-iron bottoms Muth wood staves or sheet-iron sides, and a central cast 
cone through which ran a vertical shaft carrying a muller with cast segmental shoes; 
similar cast-iron dies were attached to the bottom. Means for raising and low'cring 
the muller were provided by threaded handwheels forming lock nuts at the top of the 
shaft, or by carrjdng the step bearing of the shaft on an adjustable lever. Three 
curved iron wings were usuallj'’ fastened to the sides or hung from the wooden cover. 
A steam chamber was often pro^dded under the pan bottom. 

The charge was usually 1500 to 3000 lb., but might range from 800 to 5000. A 
batch of pulp was run in, after thickening in a wooden tank if wet-crushed; the muller 
was lowered and the charge ground 1 to 3 hr., steam being admitted to the false 
bottom, or run directly into the pulp by a hose. Mercury was then added, at least 
10 per cent the weight of the dry pulp (often 300 or 350 lb. altogether), the muller 
raised clear of the dies and run 3 or 4 hr. Chemicals were generally added vdth the 
mercurj’^, usually copper sulphate and salt, sometimes sulphuric acid or metallic iron, 
though the iron was often derived from the wear of the pan castings. 

The pulp was then thinned with water and run to a shallow separator or settlor 
with vertical shaft carrjung four arms with iron or wooden plows. Here the 
bulk of amalgam and mercury separated and were drawn off at a siphon tap. In some 
cases this stage was carried out in the grinding pan, revolving the muller slowly. 

The pulp tlien ran to an agitator — a deeper pan with wood sides, with four revolv- 
ing arms carrying vertical slats — to settle a little additional amalgam and coarse 
material, and was finallj' drawn off, running to waste or to a settling dam. All settlers, 
etc., were provided with holes in the sides closed by wood plugs for discharging pulp. 
At the Comstock, 70 to 85 per cent is said to have been extracted from the sulphide 
ore, but at custom mills the usual return was only 65 per cent of the assay value of 
samples taken at the mortar lip. 

Barrel amalgatnation (Freiberg process) was carried out in stout wooden barrels 
rotating on a horizontal axis. The ore was roasted with salt and charged in the barrel 
with water and scrap iron, which dissolved silver chloride and reduced it to metal, 
cupric and ferric salts being also reduced to cuprous and ferrous; mercury was then 
added and rotation continued 16 to 20 hr., more water was then added to thin the 
pulp, and after a short period of rotation the mercury" was drawn off and the ore 
washed out by a stream of water. This process was used for some time on the 
Comstock lode. 

The cazo process or hoi pan amalgamation was de\nsed by Alonzo Barba in Peru 
about 1 609 for rich oxidized silver ore. The cazo, or pan, first used was a small copper 
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pan, the later /omion had a copper hottom about G ft in diameter and C to 8 in thick, 
to which wood Stave'S were fitted Two large copper mullcrs were mode to revolve 
around it, and a fire was maintained under the bottom Bee pages 625 and 526 for 
a complete description 

The Boss continuous ■procets was an attempt to make the Washoe pan amalgamation 
process continuous, by using a scries of steam-jacketed pans set on a slight grade so 
that pulp flowed from one to the other and finally through settlers, the mercury 
similarly flowed through a pipe system to a safe (as was done at some of the Waaboe 
plants) nhere it passed through a conical canvas filter to separate solid amalgam, the 
filtered mercury being pumped back to the topmost pan 

The Reeee River process, applied by Stetcfeldt to the verj base sulpharsenical 
ores of central Nevada, mvolved a chlondizmg roast of the ore, wetting and coohngit 
on a floor, followed by a pan treatment similar to the Washoe process A very impure 
bullion resulted A similar system was used in Butte and elsewhere m Montana 
The Comhmahon process, adopted by the Montana Co about 1890, consisted m 
concentratmg the gold-silver ore coming from the stamp mill before thickening the 
tailing and treating it by the pan process A great economy in mercury was effected 
by thus removuig arsenical copper minerals The original equipment was 50 stamps 
with amalgamatmg plates, 20 fnics, 24 pans, 12 settlers, 5 agitators, and finally 
20 frucs for the pan taihng, which was then impounded 

The Kroehnke process consisted in treating crushed ore m rotating wooden barrels 
of the Freiberg type, with mercury and a strong solution of cuprous chloride in bnne, 
and then addmg zme amalgam , lead amalgam was used mth poorer ore The impure 
copperj amalgam was then purified by treatment with hot brine and bluestone acidi- 
fied with sulphuric acid, and finally centrifuged and retorted The process is thor- 
oughly described by Schnabel 

Conversion Tables for Assay Valuations — In English-speaking countries the 
weights of precious metals are usually expressed in troy ounces (of 480 gr ) and frac- 
tions of ounces are stated in decimals, the troy pound, pennyweight, etc , being but 
little used Other nations generally use the metric system for these as for other 
metals, and this system is adopted in manj United States statistical reports The 
purity or “fineness” of these metals is expressed either m carats (twentj fourth*) or 
in parts per thou-jand (milliemes), pure gold being designated os 24 k or 1000 fine 
Gold. — ^The exact value of 1 troy oz of pure gold was $20 6718346253234-, corre- 
sponding to the coinage of $8000 from 387 oz of fine gold, or 430 oz of gold 900 fine, 
as the United States standard from IS34 to 1934 It is now $35 00 per ounce Stand 

ard British coinage gold is 22 k or 916 666 fine, and the pnee of gold in London is 
168 shdlmgs per ounce 

Silver In the United States the price of silver is stated in cents per troy ounce 
of metal nominally 1000 fine London quotations are pence per troj ounce of "sterlmg 
silver” 925 fine, which, except for short periods, was the standard for British silver 
com from 1068 to 1920 Since 1920, British silver coins have been reduced to a 
fineness of 500 

1 penny per ounce 925 fine =. 2 19 cents per fine ounce 
1 cent per fine ounce =» 0 457 pence per ounce 925 fine 

United States silver com is 900 fine, 110 standard oz or 99 fine oz , coming $128 tie 
Mmts report the fineness of silver bullion to the nearest one-half part per 1000 
The following foreign or obsolete units sometimes occur in reports South America 
1 marco per cajon varies between IQO and 70 parts per million, or grams permetnc 
ton Russia 1 dola (He zolotnik) per 100 poods = 2 71 parts per million 
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Fineness of Bullion and Alloys of Precious Metals 


Denomination 

Equivalent in 
milliemes or 
parts per 1,000 


Ik 

41.666 

r 24 k. = 1 lb. troy (England) 



1 24 k. =1 mark (Germany, etc.) 

1 grain per marc. . . 

0.217 

4,608 gr. = 1 marc of 8 oz. (France, Spain, etc.) 

1 oz. per marc ; 

125.000 

8 oz. =1 marc (France, Spain, etc.) 

1 loth (silver) 

62.500 ' 

16 loth = 1 mark (Germany, etc.) 


CoNn^ERsioN Tables — Weights 



Grains 


Troy 

ounces 

Avoirdupois 

ounces 

Avoirdupois 

pounds 

Grams 

\ grain 

1 

0.041666 

0.0020833 

0.00228571 

0.000142857 

0.0648 

1 pennyweight 

42 

1 


0.0548571 

0.00342857 

1.5552 

1 troy or 

480 

20 

1 

1.0971428 


31.104 

1 avoirdupois or 

437.50 

18.22917 

0.911458 

1 


28,35 

1 avoirdupois lb 

7.000 

291.66G 

14,58333 

16 

1 

453.60 

1 mg 

0.015432 

0.000643 

0,00003215 



0.0010 

1 gram 

15.432 

0.643 

0.03215 



1 

1 t'g 

15,432 

643 

32.15 

35.274 

2.2046 

1,000 


Volume and Weight of Fine Gold and Silver 


j 

1 cc. 

1 cu. in. 

1 cu. ft. 

Fine silver: 

Weight: grams. 

10.57 

173.21 

299,307 

9,622.72 

Weight: troy ounces 

0,339825 

5.5687 

Fine gold: 

Weight: grams 

19.3 

316.269 

546,513 

17,570.39 

Weight: troj' ounces. 

0.6205 

10.1680 



Table 1. — Pulp Formulas 

d = density or specific gravity of dry solid (ore, sand, or slime), 
p = specific gravity of pulp (mixture of water and ore, etc.). 
iS = percentage by weight of dvy solid in pulp. 

«= grams in 100 g., tons in 100 ions weight, etc. 

R = water ratio or dilution of pulp, 
tons water per ton of dr}' solid. 

~ grams water per gram of solid. 

V = volume percentage of solid in pulp. 

*= cubic centimeters in 100 cc. pulp 
cubic feet in 100 cu. ft. pulp. 

F *= solid factor. 

grams solid in 100 cc. of pulp. 
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■= tons solid in 100 fluid tons or 3200 cu ft of pulp 
= avoirdupois ounces in 0 1 cu ft of pulp 
A: IS a constant for any particular solid under consideration, used to facibtate calcu 
lation, and depending upon the density of the dry sohd 
_ lOOd 


d = 




I -R^p - 1) Sp - 100(p - 1) 
^ R d- 1 ^ 100 k 

R + \ 100 - ^ 

a d 

, 100 ^ 100d(p - 1) l(p - 1) 

fi + 1 p(d - 1) “ p 

1 P 

lOQ-S 

S 


d(P - 1) “ p - 1 


= _ 1 - tUUp 

S - Up - 1 ) “ ^ 

Volume percentage of water m pulp = 100 — V = 


100 
R '' 


100 - ^ = p(100 - S) 

100(d - p) 
d - 1 

100^ ^ lOOdfp - 1) 


100 - S 


Tons of drj solid per 100 tons water = 

Fluid tons pulp to yield one ton solid = ~ = ^ + 1 

F k{p - 1) p 

sner^rr \*”«tly applicable only to mixtures of solids with liquids of 

^ 1 00 such as water or cyanide solutions at ordinary temperatures 
denpnrl ^Tk ^ j Daily Tonnage — Several accurate methods are avadable, one 
infprvnl ^ Weighing of the dned material caught dunng a measured 

of nX L '^U the measurement of time and the coirespondmg volume 

s S" r .T"®" ““s *'>= I*”"” 

mdn hv n w ^ ^ ‘^o^itents of pulp Or one may estimate the flow of 

S Vdnrl P T ” determine the weight of solid in a meas- 

be mndp hv ^ Bii^plest terms, the computations from such data may 

be made by one or the other of the following formulas 

Tons solid per day = P°^°ds dry solid c aught X 43 2 , i 

seconds observed = 43 2 X pounds per second 

Tons solid per day « - P ~ 1 


This formula may be arranged for slide-rule calculation 

where t = seconds required to yield 1 cu ft pulp 
p »= specific gravit} of pulp 
d =• specific gravitj of dry solid 
* = a constant for any particular material 
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^ 13 a con3lant for any value of rf. 
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zu 

Tons solid per day 1} 

d=25 26 27 28 29 30 

27* = 4500 4390 4290 4200 4120 4050 

p may be obtained bj a hydrometer m the case of slime pulp, or by weighmg in grams 
the contents of a glass or tin liter flask, or by weighing m pounds the content of a 
bucket graduated to hold 100 Ib of w ater (Such a bucket maj be 14 in in diameter 
and 20 in deep, in which case the graduation for 100 lb is about 18 in from the 
bottom ) 100 lb water = 1 6 cu ft The value of t may be observed with s step 
watch in filhng a 100-lb bucket, but preferably with a much larger container 

_ , j j cubic feet per day X pounds per cubic foot 

Tons sohd per day = = 



CHAPTER XII 


HYDROMETALLURGY OF COPPER 

By H. a. Tobelmakni 

Leaching is the term applied to the process of recovering a metal from an ore by 
a solvent or lixiviant and the removal of the resulting solution from the undissolvcd 
portion. In other words, leaching is the recovery of a metal from ore by a wet process. 

In general, leaching is applied only to ores that are not adapted to treatment at 
an equal or greater profit by the longer established methods, such as gravity concen- 
tration, flotation, or smelting. It has not yet been applied on a large scale to copper 
ores containing a considerable quantity of precious metals, as the recover}*' of these is 
not high 'with the usual copper lixiviants. Its most extensive application so far has 
been in the treatment of low-grade oxidized ore, in which the copper is largely soluble 
in dilute sulphuric acid. 

The oxidized copper minerals, such as the carbonates and silicates, are readily 
attacked by a number of the more common acids and alkalies while the nonoxidized 
or sulphide minerals are not and must first be prepared by roasting, weathering, or 
other means of oxidation, cither with or without added chemical agents. 

The leaching of copper ores can be carried out in the foUowng ways: leaching in 
place, heap leaching, and confined leaching. 

Leaching in Place.^ — This method is based on the fact that, when an ore body 
containing sulphide is broken up so that both air and water have access to the ore, 
the sulphide portion of the mineral is decomposed and soluble sulphates are formed. 
The chemical reactions involved in this transformation of sulphides into oxidized 
forms have been discussed by Lindgren[ll. The behavior of sulphides of the same 
kind may be very different, oxidation sometimes not taking place for a long period 
and then again taking place so rapidly as to show decomposition within a few weeks. 
The more porous and more absorbent the gangue, the more rapidly will the ore 
respond to treatment. This method, which consists of treating ore without removing 
it from the mine, has been applied only to exhausted ore bodies and to mines con- 
taining large quantities of ore of such low copper content as to make its removal 
unprofitable, and in such a broken-up condition as to be provided with ample crevices 
for the circulation of both air and solution. 

The action is very slow, but the method is inexpensive, the principal operating cost 
being the pvimping and distribution of the solution and the iron and precipitation 
expense. The efficiency of the process in any particular case cannot be determined, 
as there is no known method of accurately determining the tonnage and copper con- 
tents either before or after operations. 

The leaching results are obtained by the intermittent circulation of water and air 
through the crevices in the ore. One of the greatest difficulties of the process is that 
the slimes gathered from the ore and the accumulated salts may in time fill these 
crc\dccs and temporarily, if not permanently, protect the exposed ore from further 

* The chapter is a major rc\asion by the editor of H. A. Tobelmann^a original monograph. 

* References in thw chapter arc to similarly numbered references jn the Bibliography at the close of 
the chapter. 
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leaching action Usually, the rate of extraction is quite rapid at first, but it decreases 
continually The solutions from such an operation are nearly always impure, and 
precipitation of the copper by scrap iron is the only method that can be considered 

Leaching m place is neither new nor imusual and is recorded to have been successfully 
used on a small scale m Hungary during the fifteenth century J Parke Channingpl 
states that copper u as extracted by this process from the Eureka mme m the Duck- 
town district as early as 1850 Accordmg to Philip Argalll3], the Cronehane mme 
in ^\lcklow County, Ireland, was a good example of the apphcation of this method 
In this case numerous small drifts were driven immediately under the gossan, and 
wafer was introduced into the loose gossan on the surface The solution, after being 
directed from one level to another through stopcs and fillings, u as pumped from the 
lowest level to the surface, where the copper was precipitated Irvinglt] refers to a 
similar operation at the Aznalcollar mines in Spam It has also been applied to some 
of the exhausted mines at the Rio TmtolSl The Bimphcitj and the eSccliveueas of 
this method remained apparently unnoticed m the United States until the spring of 
1923, when the Ohio Copper Co of Utah [6] began the leaching of a large body, esti 
mated to contain about 38,000,000 tons at 0 3 per cent copper, of thoroughly broken 
copper-bearing quartzite The shattered quartzite itself was practically mert to 
chemical action, while the copper minerals existing principally m the fissures of this 
material were readily attacked by the leach solutions Thus, there was httle danger 
of clogging the ore body by decomposition or alteration products, os is so apt to occur 
in monzonite porphyry ore bodies 

The operation consisted of carefully distnbutmg on top of the caved ore area 
1200 to 1500 gal per mm of solution made up of about two-thirds fresh uater and 
one-third launder tailmgs solution The solution gomg on the ore averaged about 
0 3 to 0 4 lb of copper and 8 to 10 lb of iron per thousand gallons This solution 
percolated through the caved ore and was collected at the bottom of the shaft, where 
it was directed to the precipitation launders, situated on both sides of a large haulage 
tunnel The solution entering the launders averaged about IS to 20 lb of copper 
and 2 to 3 lb of iron per thousand gallons There were two parallel launders, 32 m 
by 32 m by 1600 ft long, m which 97 to 98 per cent of this copper was precipitated 
Additional launders outside the haulage tunnel were provided to precipitate any 
tetnaiiung copper 

It ■mil be noticed that iron was precipitated out of solution during its passage 
through the ore This may have been due to hydrolysis or to the action of the ferric 
sulphate on the oxidized copper minerals m the ore, or both Should this precipitation 
at any time seriously interfere with the percolation of solution, the further caving of 
a small quantity of ore, or acidulation of the water, would reheve this condition It “ 
of interest that solutions both gomg on and coming off the ore were practically neutral 
CHean scrap w as used and, due to the intelligent operation and supervision, an unusu 
allj high-grade precipitate wa^ the result The average precipitate produced by tins 
company analyzed over 90 per cent copper, the impurities being those due to the 
entromed solution and consisting prmcipally of iron and aluminum sulphates The 
cement copper usually produced from such operations will average not over 70 per 
cent copper The production of such a plant is necessarily largely dependent on the 
fresh water available The Ohio Copper Co consistently produced some 700 000 to 
900,000 lb of copper per month, or approximately 30,000 lb per day The total 
cost of operation has been published [7] as being 6 to 6^ cents per pound, fob 
York, a cost that is rarely equaled Of this amount, 50 per cent represented the 
pumping and precipitation costs 

Leachmg of a mmed-out area at Ray mines in Arizona was begun in JanuarVi 
1937, usmg fresh water only as the lixiviant, and shredded tm scrap as the prccipitao 
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Precipitation should be carried on underground when conditions make it practical. 
The warmer the solutions, the more efficient both the leaching and the precipitation 
will be. Also, it is more difficult to pump solutions containing copper sulphate than 
those containing iron sulphate. Efficient precipitation cannot be accomplished with 
heavj’’ scrap iron like car wheels, slag pots, and old rails, yet this is the practice gener- 
ally tried, resulting in condemning the precipitation of copper by iron in general. 

Heap Leaching. — This method of leaching is probably one of the oldest, if not 
the oldest, of the methods for the recovery of copper from ores. It is said to have 
been used as early as 1752[5] in recovering the copper from cuperiferous pyrite in 
Spain. This method, like the one first described, depends on the natural oxidation 
of the sulphide minerals by continual subjection to air and water. The chemistry 
of this oxidation has been much discussed, but still it is not accurately known [8]. 

Ores, both sulphide and mixed ore, which must be removed from the mine but 
which are too low grade to treat at a profit by any other method, can be treated by 
heap leaching. This is generally carried on as follows: 

Ground with a slight slope is selected. It is cleared of any growths and is then 
rolled and packed with clay or slimes to make it as near waterproof as possible. Large 
boulders of ore are selected for building culverts and cross culverts for drainage and 
ventilation purposes, and the drainage is directed to a common point. The ore, 
without crushing or other preparation, is now carefully piled on this prepared area. 
In some cases, it has been found helpful to classif}^ the material to the extent of placing 
the coarsest material on the bottom and the finest on the top as an aid to both the 
ventilation and the solution circulation. The top of the ore piles is pro^dded with 
distributing trenches. Solution, consisting at first of fresh water and later of ■waste 
solution from which the copper has been precipitated, is directed over the ore pile. 
The wetting is so conducted that, while a certain section is being saturated with 
solution, other sections are permitted to heat and oxidize. In each passage of the 
solution through the ore, the sulphates that have formed from the oxidation of the 
sulphides are dissolved and washed awa 3 ^ The solution emerging from the bottom 
of the pile is directed to a sump, from which it is pumped to scrap-iron precipitation 
launders, where the copper is recovered as cement copper. The solution with the 
copper removed is pumped back to the ore for further leaching. 

The method is quite simple, but the reaction is very slow. As years are required 
to obtain a commercial extraction, this method can be profitably applied only to very 
large tonnages. The principal method of recovering copper at Hio Tinto has been 
by a heap-leaching process. Two classes of ore are leached by this method, a pyrite 
and a quartz. When leaching sulphides, the fines and the coarse arc treated together, 
llio heaps are 10 to 40 ft. high. The tops arc divided into squares for better solution 
distribution. According to De Kalbl5], at one time there were about 20,000,000 tons, 
occupying about 350 acres, undergoing treatment. The heaps have been placed 
on a gently sloping hillside ha^ung a naturall}’* impervious floor. About 150 gal. of 
solution per ton of ore per year is required. About CO per cent extraction is generally 
made in the first 3 years, while 7 to 9 years is required to bring this up to 80 or 
85 per cent. It is also said that some of these piles have been under treatment for 
nearly thirty years. The pyrite itself is barely attacked and is sold for its sulphur 
value. 

Some data are also available on operations at Sacramento HiU, Bisbee, where 
heaps containing over 1,800,000 tons of ore were leached. In the first 21 months, 
37.28 per cent of the copper was extracted at a cost of about 5.5 cents per pound. 
The loss of, and absorption of, water amounted to 24 per cent of the total sent to the 
heap. The first heap (750 X ISOO ft. base) had an analysis of Cu, 0.92 per cent; 
SiOj, C3.5 per cent; AljOj, 11.2 per cent; CaO, 0.7 per cent; S, 6.8 per cent[511. 
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In leaching the old "waste dumps at Tyrone, >»ew Mexico, it v>as {ound necessary 
to direct the leaching water into the dumps under pressure If this was not done 
there was channeling, and test pits showed unleached portions Oxidation appeared 
accelerated by alternate w ettmg and drying Baled factory scrap w as found the most 
satisfactory precipitating base About 1 30 lb was consumed per pound of copper 
recovered [52] 

Heap roasting foDowed by subsequent heap leaching has been practiced Schnabel 
speaks of a process at Rio Tinto w hich consisted of slowly roasting elhptical heaps of 
sulphides containing some 1500 tons of ore After roasting, the pile was leached with 
water, whereupon the larger portion of the copper was recoiered The partially 
leached ore was now restacked over horizontal flues to permit of thorough ventilation 
and was moistened from time to time, whereby much of the remaining copper was 
recovered The copper w as precipitated by iron 

Confined Leaclung — By “confined leaching,” the leaching of an ore in tanks or vats 
IS meant This may be accomplished in two ways, either by agitation or by solution 
circulation, depending largely on whether or not the ore must be finely ground to 
give a profitable extraction This form of leaching may be div ided into the following 
principal operations (1) reduction to size, meaning the necessary crushing, grinding, 
and screenmg, (2) the converting of the copper mmeral to an oxide or sulphate by 
roasting or otherwise, if it exists m a nonoxidized form, (3) dissolving the copper in 
the cheapest and most suitable reagent and removing the resultant solution from the 
undissolved portion of the ore , (4) washing the treated ore so as to recov er the entrained 
copper solution, f5) the precipitation or removal of the copper from these pregnant 
solutions 

Reduction to Size — The fineness to which an ore will have to be cni^ed to give 
a commercial extraction is largely dependent on its porosity , the size of the mineral 
gram, the degree of dissemination, and the rapidity with w hich the mineral is attacked 
by the lixiviant used 

In most cases where copper ores are treated by leaching, the mineral exists as 
seams or filhng of fissures, and fine grmdmg is resorted to only when rapid extraction 
13 desirable or necessary Rarely, however, is the copper-bearint mmcral so dis- 
seminated and 80 surrounded by an impervious gangue that fine grmdmg is necessary 
for releasmg the mineral particles m order to give access to the solvent The tvpieal 
material leached at Chuqiucamata is an example of the copper mmeral occurring in 
seams and the filling of fissures, whereas the material treated at Ajo would be an 
example of the more distributed copper minerals 

The influence of screen size on extraction can be seen from the table on page 
349 This table shows the mesh, the percentage of copper in heads and m tadings, 
and the extraction on material of the diBerent mesh for the year 1920 at the >ew 
Lorneha Copper Co 's plant at Ajo Ariz [10] Durmg this year sizing tests were 
made of each head and tailing sample, composited monthly and analyzed The 
average for the year was then computed 

The coarser the mesh that can be leached, the 1^ will be the crushmg expenses and 
the more efficient the circulation As the lime required to leach an ore depends almost 
entirely on the solution penetration, it can be seen that the larger the parUcle of 
ore, the longer the tune that will be required to dissolve the copper The treatment 
of coarse material entails less expense not only as to crushing but it is sunpler to 
remove the dissoh ed copper, there is less copper entrained m the final material dis- 
carded, and less impurities will be dissolved per unit acid neutralized Coarse 
grmdmg will permit leachmg by percolation m tanks in which the material is stationary 
and the lixiviant moving, so that leaching and removal of the dissolved copper from 
the gangue are coincident 
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Distribution of Copper in the A jo Heads and Tails 
Heads, per Cent Copper 


Mesh 

Per cent 

Total 

Oxide 

Sulphide 

(by 

difference) 

Soluble 

Insoluble 

(by 

difference) 

On 3 

26.6 

1.37 

n 

0.14 

1.28 


On 4 

18.6 

1.33 

nH 

0.15 

1.23 

0.10 

On 6 

13.2 

1.39 


0.14 

1.30 


On 8 

9.1 

1.46 

1.30 

0.16 

1.34 


On 10 

6.4 

1.55 1 

1.39 

0.16 

1.43 


On 14 

5.0 

1.62 ' 

1.46 

0.16 

1.49 


On 20 

3.1 

1.75 

1.57 

0.18 

1.62 


Through 20 

18.0 i 

2.06 

1.82 

0.24 

1.88 

0.18 

Calculated 

100.0 i 

1.534 ; 

1.368 

0,167 

1.416 

1 

0.118 


Tailings, per Cent Copper 


Mesh 

Per cent 

Total 

Oxide 

Sulphide 

(by 

difference) 

Soluble 

Insoluble 

(by 

difference) 

On 3 

25.8 

0.47 

0.35 

0.12 


0.10 

On 4 

20.1 

0.32 

0.21 



0.09 

On 6 

12.5 

0.25 

0.14 

0.11 



On 8v 1 

8.7 

0.21 

0.10 

0.10 

0.11 


On 10 

7.2 

0.21 

0.09 

0.12 

0,10 

0.11 

On 14 

4.8 

0.21 

0.11 


0.11 


On 20 

3.8 

0.22 i 

0.11 i 

0.11 

0.12 


Through 20 

17.1 

0.35 

0.19 j 

0.16 

0.18 

0.17 

Calculated 


0,328 1 

0,210 1 

0.122 

0.223 



Per Cent Extractions 


Mesh 

On total 
copper 

On oxide 
copper 

On sulphide j 
copper 

On soluble 
copper 

On 3 

65.69 

71.5 

14.3 

71.1 

On 4 

76.00 

82,2 

16.5 

81.3 

On 6 

82.03 

88.8 

21.4 

88.5 

On 8 

85.62 

92.3 

31.3 

91.8 

On 10 

86.45 

92.8 

25.0 

93.0 

On 14 

87.04 

92.4 

37.4 

92.6 

On 20 

87,43 i 

93,0 

38.8 

92.6 

Through 20 

83.01 ' 

-1 

90.2 

29.2 

90.4 

Calculated 

78.50 

84.9 

27.0 

84.3 
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In treating coarse maferjal, il is acrj important to Jia\o as much of the material 
of the same mesh as is practical, as ovcrsiic will not ho Icachctl and finca will inter- 
ftic with BoUition percolation llie nccoHRitj of a uniform product for consistent 
extractions resulted in the adoption of dish tnislirrs[ll) nt Ajo 

As a rule, the richer the nmlcnal tobelenchtd, the fintr tlit grinding necessary for 
economical cxlrattion Hoiveier, the Bmaller tlit mesh, the greater the quantity of 
slimes produced and the less efficient will be leaching in tanks Slimes, when present, 
cause channeling whidi prevents even distribution of solution and interferes with 
uniform extraction W hen fine grinding is ri'sorted to, the material must he tlasstfietl 
nml the sands and shines sep irately trcateil W here no classiricntion and separate 
treatment la feasible, tho product must carry the minimum quantity of fines to prc\ ent 
interference with pcrcoWtion 

Ulicn finelj dixicUd material is leached, liolh the solids and tfc solution art 
inoving and the separatiori ls accomplishi d hj the standard methoils of Fettling, 
decanting and filtering JVobablj the roats-cst material bt ing treated hj a Icarh 
ing process in tanks and bj circulation is at Chuquiiamata, wberc 00 per cent of the 
material is crushed to pass a 0 37 1 m screen At Ajo about 27 per cent remains on 
tho 0201 in , or npproxiniatelj in , screen 

Tlic importance of proper enishing maj lie seen hj the following If the ore leached 
at Ajo had bten so crushed that the material remaining on 3 mesh were crushed to 
pass 3 incah but not to pass 4 mesh the extraction would has e been increased a LtUc 
more than 2 per cent, or approx imatelj 0 0 Ib of copper per ton of ore 

In any form of leacliing whither with an acid or an alkali soil ent, slimes must be 
axoided as much as jwwiblc 

Oxidation or Roasting of Sulphides — As has already been stated, copper in on 
oxidized form is quite Bohible while in the sulphide form it is not lloasting, whieh 
13 essentially oxidation, 13 resorted to and ores that arc proposcil to lie treated hj a 
wet proceas and that consist of all or part sulphides must Iw roasted 

During roasting sulphides are not onij oxidizeil or conicrteU to sulphalea but 
under proper conditions a large part of undesirable elements, liki arsenic, antimony, 
and bismuth, can be \ olatibzcd Hcftt-trcatnicut, such a-s rcuiatmg or thorough dohj - 
dealing is an advantage to manj ores, making ihi impurities less soluble and loach* 
mg and filtration Icaa difficult 

To obtain the best resulLs the proper roasting conditions must be determined 
for each ore The literature on the subject is extensive and covers a great manj 
different conditions It has been found possible under proptr conditions fo to roast 
an ore as to convert practically the total copper present in a mixed ore to a water- 
eoluble 8ulphatc[i2] 

lloasting IS frequently earned on in the presence of, or w ith the aid of, a reagent, 
usually sodium chloride, or common salt, with the object of converting the copper 
into a more soluble chloride and tho silver into a more soluble compound Roasting 
with sodium chloride, however requires careful regulation of tcmjicralurc, smec, 
under certain conditions of temperature and certain ratios of salt and sulphur, the 
coppcrmaybcttlmost completely v olatihzed (sec Chap \A If, Chlorine in Metallurgy) 
Dissolving the Copper — Many hxmants have been proposed for dissolving the 
copper in an ore These include both arid and alkalies and arc m order of th«f 
importance, sulphuric acid ammonia and ammonium carbonate feme eulphste, 
sulphurous acid, ferric chloride, cupric chloride, hydrochloric acid, chlorme, and 
nitiic acid 

Of these, sulphuric acid is the cheapest and the solvent most commonly used 
It reacts readily with the oxidized copper minerals, forming copper sulphate Its 
action on the copper sulphide minerals is practically negligible It is, unfortunately, 
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also a ready solvent for many other constituents of ores in which the copper minerals 
— ^in some cases, to such an extent that it cannot be profitably used. It is always 
used as a dilute solution, probably never exceeding 10 per cent and seldom exceeding 
5 per cent, depending upon the grade of the ore, the time of contact, and the tempera- 
ture of the lixiviant. Sulphuric acid has a selective action for copper and in very 
dilute solution will react with copper in preference to the other constituents of the ore. 

It has long been recognized that in the leaching of copper ores, as in cyaniding 
gold ores, the product of the time of contact and the solution concentration is a 
constant. In other words, if a given ore is leached on a given mesh for 8 days with 
an average acid concentration of, say, 2.5 per cent, the same extraction will be obtained 
as when leaching this material IG days with half the acid concentration, or 1.3 per 
cent. The important fact, however, is that in the case of the greater concentration 
only 50 per cent of the acid was used in dissolving copper, while more than 75 per 
cent was used when using the lower acid concentration. In other words, the lower 
the acid concentration, the less impurities will be dissolved. In leaching with sul- 
phuric acid, the acid is one of the largest, if not the largest, item of expense, and 
when electrolysis is used to precipitate the copper, much of the acid combined with 
elements other than copper is permanently lost. Impurities are objectionable not 
alone from the point of excessive acid consumption, but also because of their accumu- 
lation when the method of precipitation is such that the solution may again be used. 
Also, impurities may accumulate in a solution to such a point that it will be no longer 
efficient and it will have to be discarded. The largest leaching plants operated, Chile 
Copper Co. at Chuquicamata, the now abandoned New Cornelia Copper Co. plant at 
Ajo, Ariz., and Andes Copper, at Potrerillos, used dilute sulphuric acid as the leaching 
agent. 

The subject of sulphuric acid leaching processes would not be complete without 
reference to the excellent process devised by Greenawalt[29]. While this process is 
veiy similar in many respects to that used at Ajo, each was developed independently. 
The Greenawalt process has two outstanding features. These arc (1) the continuous 
reduction of the ferric sulphate with sulphur dioxide by circulating the cell solution 
in closed circuit with the reducing apparatus; (2) the precipitation of the copper in 
the discard solution by means of hydrogen sulphide instead of with scrap iron as at 
Ajo. 

This process is applicable to oxidized as well as to roasted sulpiride ores. By this 
continuous reduction feature, Greenawalt states that he is able to reduce the copper 
content of the solution going through the electrolytic cell to a greater degree than with 
simple reduction as carried on at Ajo. 

Tor the removal of the copper from the solution that must be discarded, Greena- 
walt uses hydrogen sulphide. This is effective in various acid concentrations and has 
the advantage of leaving the solution in condition for further use as a lixiviant should 
tliis be desired. It is very doubtful, however, if the cost of the precipitation of the 
copper from waste solutions by hydrogen sulpliidc is less expensive than precipita- 
tion by scrap iron. From tests conducted at Ajo, the costs are about the same, while 
the solubility of the copper sulphide precipitate in dilute ferric sulphate is not appre- 
ciably different from that of cement copper. 

The main feature of the Greenawalt process is the continual generation of sul- 
phuric acid. The process, wlien operated under proper conditions, may be made self- 
sustaining. As the cost of sulphuric acid is one of the largest items of expense in 
leaching, the advantages of this process maj’ readily be seen. 

At Ajo, where the ferric sulphate in the solution going to the electrolytic cells was 
reduced with sulphur dioxide, there were periods wlien the sulphuric acid produced 
in the towers alone was sufficient to carry on the leaching process. 
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Ammosla and Ammomum Carbonate — Ne\t to sulphuric acid in importance 
and efficiency as a leaching agent may be mentioned ammonia and ammonia com 
pounds In the presence of air, ammonia and ammonia salts react quite energeticallj 
nith metallic copper and oxidized copper compounds The active constituent is the 
cupric ammonium carbonate that is formed and which reacts with the copper minerals, 
forming cuprous-ammonium carbonate In the presence of air, the cuprous compound 
IS rapidly oxidized to cupnc, and again becomes an. active leaching agent When a 
solution contaming cuprous or cupnc ammonium carbonate is heated, both the 
ammonia and the carbonic acid arc distilled off and condensed while the copper is 
precipitated as a cuprous or cupric oxide There is no fouling of solution 

This process is said to have been, originally developed ui Germany [13, 141, In 
1871, m a paper read before the A I M E , the matter of native-copper losses in the 
Calumet & Hecla tailings was discussed and the fact brought out that this copper 
could be dissolved m solutions of ammonia salts Borne years later when the treat 
ment of these tailings n as again considered, ammonia-leaching tests were conducted 
which resulted in the erection and operation of the present plant, m which some 8000 
tons per day is treated 

The material treated at the Calumet plant is finely divided metallic copper in 
sands This metallic copper is at all times covered with a thin film of oxide which is 
rapidly dissolved m ammonia m the presence of an ammonia salt If the metallic 
copper IS agam subjected to the air, it will again be covered with a thm film of 
oxide which wiU dissolve These reactions are the basis of the ammomarleachuig 
process 

The early difficulties of the process are said to have been the loss of the highly 
volatile ammonia which occurred both durmg the leaching and during the boiling of 
the solution Benedict[13l found that this loss was not solely due to volatilization 
but to a larger extent to adsorption of ammonia by the ore particles This loss 
increased mth the strength of solution By using only a weak solution, treating low- 
grade material, and driving off the adsorbed ammonia from the tailings by steam before 
discharging, Benedict found that these losses could be reduced to a minimum This 
process when apphed to the Calumet tailings gives an average extraction of about 
80 per cent 

At the Kennecott Copper Corp at Kennecott, Alaska[15, 16], copper carbonate, 
both azunte and malachite, occurred with chalcocite in dolomite and limestone 
The ore w as treated by milhng, n hereby most of the sulphide copper and about 60 pci 
cent of tbe oxidized copper mmeral are recovered 

The tailings from the mdlmg process were screened at 20 mesh, the undersize going 
to tables and the oversize to Hancock jigs The tailings from the coarse tables and 
Jigs furmshed tbe leachmg-plant head, while the fine sand and shme table taihngs 
were treated hy flotation 

The ongmal hxiviant contained about 6 per cent NH,, but owing to the success of 
washing the ore with low pressure hve eteam, concentrations of as high as 11 per cent 
Were eventually auccessfully used Much difficulty was at first experienced with 
corrosion of iron and steel evaporator equipment by ammonia vapor Alummuin 
was substituted in tbe condensers and concrete in the storage tanks Hie ainnionia 
loss, after tbe introduction of the Lve steam wash, was cut to 0 45 to 0 60 lb NHi per 
ton of ore treated Steam consumed was about 220 lb per ton of ore, 55 per cent 
in the evaporators, 45 per cent m tbe steam wash Multiple-effect evaporation was 
used 

An ammonia process known as the Perkins proce.ssll5] is said to have given excel 
lent results on some of the low grade ores of the Southwest This process consists of 
heating the ore to be leached m a reducing atmosphere, during which all or a large 
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part of the copper mineral is converted into metallic copper. It is then leached ■with 
ammonia* 

Ferric Sulphate. — ^Ferric sulphate is not only an active solvent of most oxidized 
copper minerals, but also quite an active solvent of free copper sulphides. Complete 
extraction is possible on oxides and on carbonates in comparatively short periods, while 
sulphides are more slowly acted upon. To overcome the resistance of double sul- 
phides, such as chalcopyrite and bornite, to this reagent, a partial roasting was sug- 
gested by Thomas. This was found very helpful, and under proper roasting con- 
ditions commercial extraction may be obtained from sulphide ores with ferric sulphate 
as the lixiviant. Heat was found to promote the leaching reaction. 

IMuch careful work has been done mth this reagent. Probably the earliest is that 
of Siemens & Halske, who, in 1890, introduced a process that consisted of leaching 
an ore ground to 90 mesh vith hot dilute ferric sulphate. The copper was precipi- 
tated electrol 5 ''tically, using insoluble anodes and the lixmant regenerated. The 
results obtained by Siemens & Halske were disappointing and did not warrant its 
further introduction. This work, however, is the basis of most ferric sulphate proc- 
esses. There is no doubt that, had there been available to these investigators the 
present knowledge of the use of insoluble anodes, diaphragms, tank linings, etc., 
the results would have been very different. 

Among the large-scale tests made with this reagent, probably the more important 
are those made at Cananea, Sonora, by the Cananea Consolidated Copper Co. [24] 
and at Bay, Ariz., by Westervelt[24]. At Cananea the principal difficulty encountered 
appeared to be the regeneration of the lixiviant. At Bay, the raw ore was leached 
with hot dilute ferric sulphate and the copper was precipitated electrolytically. 
This later work was practically a modification of the Siemens & Halske process, and, 
as at Cananea, the regeneration of the solvent appeared to be the principal difficulty. 

In heap leaching, as practiced at Bio Tinto, where copper is extracted from mas- 
sive iron pjTite, the extraction depends upon the action of ferric sulphate. By proper 
control of the ventilation and the wetting of this ore, ferrous sulphate is formed, which, 
on further action, changes to ferric sulphate and, as such, dissolves the copper. 

Sulphur Dioxide. — Sulphur dioxide is readily absorbed by water, forming sul- 
phurous acid. As such, it is an active solvent of many oxidized copper compounds. 
It can generally be cheaply and easily secured, as nearly all districts containing copper 
also contain some sulphur. 

Ore containing high acid-soluble constituents are especially adaptable to sulphur 
dioxide leaching. Copper sulphite is formed. This is unstable and is readily con- 
verted into cuprocupric sulphite and copper sulphate. Cuprocupric sulphite is 
slightl 3 '’ soluble in water, but is easih" soluble in sulphur dioxide and in cupric sulphate. 

The use of sulphur dioxide as a leaching reagent has been verj’ attractive, with the 
result that much experimenting has been done and many processes have been devised. 
Of these processes the earliest one is probably that of Neill and Burfiend, a patent 
for which was issued about June, 1902. This process consisted of subjecting the ore 
to the action of sulphur dioxide to dissolve the copper, removing the solution from the 
ore and then licating it to drive off the excess of sulphurous acid and precipitate the 
copper as sulphite. 

The process was given a rather extensive trial on the sandstone copper ores of 
northwestern Arizona[18], but the work was discontinued before the value of the 
process was definitely cstablislicd. Tlic instability of the copper compounds appeared 
to be the principal difficulty. Joseph Irving, Jr.[23], describes some leaching tests 
made at the Ncvada-Douglas Consolidated Copper Co., where wetted fine ore was 
bro\ight in contact with hot sulphur dioxide gas. The copper was precipitated upon 
scrap iron. The process was devised by G. C. Westby and S. S. Sorenson. 
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Chioridizing, roasting, and leaching have found quite vride application as the 
Longmaid-Henderson[35l process, which is at the present time the principal process 
employed in recovering copper from pyrites cinders. The crushed cinders mixed with 
salt and sometimes with p 3 Tite are treated in special muffle furnaces. The material 
60 treated is then discharged into tanks and leached udth water, precipitating the 
copper with iron. 

The advantage of chlorine as a reagent has long been recognized, and its intensive 
action on the ores of the various metals has been also investigated. The principal 
obstacles in the use of this reagent are mostly mechanical and not chemical. The 
application of chlorine will find its greatest field in ores carrying, besides copper, 
precious metal values. 

Nitric Acid. — ^The proposal to use nitric acid as a leaching agent is quite old, 
dating back at least to 1874. The fundamental idea is to employ the nitric acid 
as a catalyzer to obtain a complete oxidation of the sulphides to sulphates by means 
of atmospheric oxj^gen at a comparatively low temperature. The use of nitric acid 
for decomposing sulphide ores in analytical work is old. It has been proposed to 
feed finely crushed ore, with the proper proportion of nitric acid, into a rotating 
furnace, similar to a cement kiln, which is heated near the lower end to a temperature 
sufficient to expel completelj’’ the nitric acid and the oxides of nitrogen after the 
sulphating reaction is completed. The presence of sulphuric acid derived from the 
py^ritic sulphur will assist the decomposition of anj’’ nitrates that may be formed. 
The sulphated ore was to be leached in the usual way. The nitric acid vapor and 
lower oxides of nitrogen were to be recovered by a suitable tower and scrubbing 
sj’^stem, and converted through the agency of atmospheric oxj^gen and water into 
nitric acid. The nitric acid required is directly proportional to the quantity of 
sulphides in the ore. 

The success of this process depends upon minimizing the loss of the nitric acid 
which ma>’’ occur in three ways, wz., through the formation of nitrous oxide and 
free nitrogen, which cannot readily be converted into nitric acid; through the incom- 
plete expulsion of nitrogen compounds from the sulphated ore; and through leakage 
and inefficiencj^ of the recovery system. 

The use of nitric acid as a leaching agent under certain conditions has been patented 
at various times. Of these, the Rankin process[21], in which ore is treated with nitric 
acid in a closed vessel with temperature not over 125®C., is probablj’’ the best knonm. 
This process was tried out at the Nevada Douglas Copper Co., Ludwig, Nev.[22]. 

From all accounts, the nitric acid process seems worthy of consideration, particu- 
larlj*^ for the treatment of low-grade sulphides as well as low-grade ore containing both 
oxides and sulphides. 

Nitric acid is probably the most active of all solvents for copper ore and will 
energcticallj’’ attack both the oxides and the sulphides, but the successful operation 
of this process will depend upon being able to obtain a high percentage recovery of this 
rather expensive reagent so as to distribute the cost over sufficient copper to make the 
process commercial. 

Washing. — After the copper values have been dissolved from the ore and the 
solution drained off, there is still present a large quantity of dissolved copper as 
entrained solution. In some cases this entrained solution maj' amount to between 
one-half to one-third of the total copper dissolved from the ore. liMien an ore has 
been leached by percolation, this dissolved copper may bo recovered in either of two 
ways: (1) hy filling the interstices with water and circulating this water, draining, and 
repeating this operation until the entrained copper is negligible; (2) by filling the 
interstices of the ore with water and then d^a^ving it off at the bottom, keeping the 
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material covered and the interstices filled until the draining shows a negligible quantity 
of copper This latter method IS called the "piston method ” It is claimed to use 
less w ater, requure less time, and cause less trouble than the first method The former 
IS the method used at Ajo, the latter is the method used at Chuquicamata 

Precipitabon — The methods of precipitating copper from the pregnant acid or 
neutral solutions ace, in the order of their importance (1) precipitation as the purest 
form of copper by electrolysis, usually from copper sulphate electroljte, (2) precipi- 
tation as impure metalhc copper by some form of metallic iron from sulphate or 
chloride solutions, (3) precipitation as metallic copper with sulphur dioxide under 
heat and pressure u hen applied to sulphate solutions , (4) precipitation with hydrogen 
sulphide as copper sulphide 

In the processes m which ammonia and ammomum carbonate are used as a lix- 
viant, the copper is precipitated out of solution by simply boiling off the ammonia 
At the present time, the first two, only, are of commercial importance in the treat- 
ment of pregnant solutions obtamed from acid lixiviants 

Precipitabon by electrolysis is very similar to electrolytic copper refining The 
principal difference is that in the former case msoluble anodes are used and the copper 
13 taken out of the solution, while in the latter case the anodes are soluble and replenish 
the copper contents of the electrolyte as it is withdrawn 

The resulting product, electrolytic cathodes, is the purest obtainable commercial 
copper, 13 easily handled, and has only to be melted into shapes to meet commercial 
requirements The impunties occurring m refinery solutions are generally more 
serious than those existing in leaching solutions Refinery electrolytes are frequently 
apt to contain arsenic and antimony in quantities sufficient to contaminate the copper 
Kone of the leaching solutions treated at the present tune by electrolysis contam 
appreciable quantities of arsenic or antimony The impurities that do occur m 
leaching solutions are readily eliminated by simple fusion 

Copper has been precipitated from chloride and other electrolytes, but not on a 
large enough scale to warrant discussion Probably all the copper sulphate leaching 
solutions containing over a certain percentage of copper can be prepared for 
electrolysis Its application will depend almost entuely on the cost of power 

Alumma, iron, magnesia, and sodium are the principal elements besides copper that 
occur in leachmg-Bolution electrolytes Of these impurities, the non, on account of 
its alternate oxidation and reduction, thereby uselessly consuming current, is the 
moat important one 

WTien electrolysis is used to precipitate copper from solution, the acid that was 
combined with the copper is regenerated The impurities, however, accumulate and 
must be removed 

This feme sulphate problem may be remedied in three ways (1) by the use of a 
diaphragm or porous partition, so that the ferrous iron that is oxidized at the anode 
cannot come m contact with the deposited copper at the cathode , (2) by purification 
of the solution previous to electrolysis, (3) by keeping the feme sulphate contents of 
the electrolyte at as low a point as is possible by continual reduction with sulphur 
dioxide 

The vte of a diaphragm anode as a method of solvmg the ferric sulphate problem 
has not been applied on a large scale, principally because no satisfactory commercial 
diaphragm has y et been developed WTulo the adi antages of a properly constructed 
diaphragm would be very important, its use would probably be limited to cases m 
which feme sulphate is to play the more important part as a leaching agent, as with 
the simple sulphides of copper 

Punfieatton of eolulion w eommernatly practical Such a method, based on the 
Ottokar Hoffman 1201 proce^ of purifying copper sulphate solutions and applied to the 
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treatment of leach solutions, was tried at Ajo. This process, invented hy Pope and 
Hahn [27], consisted of treating the ore with two lixiviants, a low and a high acid. The 
former dissolved much copper and few impurities, the later dissolved the balance of 
the copper and a greater quantity’' of impurities. The later solution was purified by 
heating, and then agitating with air after the addition of sufficient roasted copper 
concentrates, to precipitate the iron. The solution is filtered, the filtrate is added to 
the first leach liquor, and both are electrolyzed. Between 75 and 85 per cent of the 
total impurities in the electrolyte were removed. These tests were discontinued before 
the value of this process was definitely proved. 

The reduction of the ferric sulphate by sulphur dioxide is very simple and is no 
doubt the cheapest and most efficient way to meet this problem. Its use for such a 
purpose is not new, having been suggested as far back as 1908. 

The application of sulphur dioxide for this purpose on a large scale was quite openly 
ridiculed. As late as 1914, the engineers on the New Cornelia Copper Co. test plant 
were advised that reduction vdth sulphur dioxide on a commercial scale was impossible 
and were urged to give up this matter. No trouble was experienced except that it 
was found that, as may be expected, the more nearly neutral a solution is, the more 
easily it may be reduced. 

Sulphur dioxide is cheap, the application for reduction is simple, and for each pound 
of sulphur used in reducing ferric sulphate 3.5 lb. of free sulphuric acid is produced. 
About 30 to 35 tons per day of ferric sulphate is reduced to ferrous sulphate with 
sulphur dioxide in the reduction towers of the New Cornelia Copper Co, To obtain 
this result, some 35 to 40 tons of sulphide ore containing 40 per cent sulphur is roasted 
to a calcine containing about 6 per cent sulphur. During this operation about a 
hundred tons of free sulphuric acid is regenerated, or about 75 per cent of the total 
required hy the leaching plant. Under proper conditions the acid produced by the 
ferric sulphate reduction will be sufficient to carry on tlie process without the addition 
of acid from other sources. 

The sulphur contents of the gas employed in reduction is not of vital importance, 
although, naturally, the higher the SO 2 , the more efficient will be the absorption. The 
gas used at Ajo was as low as 3 per cent and as high as 8 per cent, with an average 
of about 5)4 per cent for 6 years of operation. The use of towers for reduction proved 
satisfactory. For the entire 6 years, the ferric sulphate contents of the solution enter- 
ing the electrolytic tank house averaged 0.10 per cent or less, while for 4 years the 
average was less than 0.05 per cent. 

Grcenawalt appears to have somewhat improved the process of intermittent 
reduction as used at Ajo by connecting each set of depositing cells with a sulphur 
dioxide reducing apparatus. In this manner, the ferric sulphate is reduced nearly as 
fast as it forms, and the continually increasing acid contents to some extent compen- 
sate for the decreased copper contents in the resistance of the cell, and more copper 
can be deposited per cycle than at Ajo. 

In the Grcenawalt process rapidlj^ revolving disks, the peripheries of which just 
touch tlie surface of the solution and thereby produce a continuous quantity of exceed- 
ingly fine spray, arc used in place of towers for reducing purposes. 

The electrolysis may be carried on in either lead-lined or asphalt tanks. The 
former are u.sed at Ajo, the latter at Chuqiiicamata. 

Ivoad anodes arc xised v’here the solutions contain neither chlorides nor nitrates, 
/vftcr G years of continuous operation the antimoiiial-lcad anodes in use at Ajo showed 
but little loss in weight. 

Carbon or graphite anodes have not been used on a commercial scale for this 
purpose. One pound of copper per kilowatt-hour has been the average efficiency 
obtained when using lead or antimonial lead anodes. 
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Iron Precipitation — In solutions of low copper concentration, too high in impurities 
for electrodeposition, some form of iron is generally used for precipitation purposes 
When metallic uon « immersed in a solution containing copper, the iron « dissohed 
and metallic copper is precipitated Tlic product of this reaction is known as "cement 
copper " 

Metaihe iron has manj adi antages as a precipitant it is generally quite cheap, 
rcaddy obtainable, and simple to use Clean iron as a precipitant nil) with proper 
operating care and conditions, produce a high grade precipitate The usual 30 to CO 
per cent copper contents of cement copper is neither necessary nor is it good practice 

There is theoretically required 0 878 lb of iron per pound of copper to be prccipi 
ated, provided no other iron-consummg constituent is present in the solution Both 
feme sulphate, by its reduction to ferrous sulphate anti sulphuric acid b 3 its action 
to form ferrous sulphate, consume iron hen present in the solution 

Due to the impurities of the iron consisting of the constituents of the metal other 
than iron and the adhering iron oxide scale n hich is neatly alnaj s present as wcH as 
the iron consuming constituents of the solution from which the copper is precipi 
tated, the consumption of iron per pound of copper is generally about 1 5 to 2 0 lb 
instead of the theoretical 0 88 lb 

For good precipitation purposes, the solutions should be of as low densitj as 
possible, they should be clear, t e , all sand and slimes should have been settled out 
the iron should be of as good grade as possible and dean The speed with which 
the reaction takes place depends of course, upon the surface of iron expo<»cd to solu 
tion Ptg iron acts the slow est and sponge of powdered iron the quickest Therefore 
much work has been done on the development of spongc-iron process This process 
would consist of reduemg the iron m iron ore to metal in a finely divided state and 
w ithout fusion 

The most important results were obtained at the Chino Copper Co , where a special 
furnace was developed for continuously producing sponge ironl39] Here a magnetite 
concentrate was heated with a partly coked coal in a gastight furnace in which the 
charge was heated by radiation 

After the development of this furnace, the U S Bureau of Mmes announced 
the development of a similar process the reduction howev er, taking place m a revolv 
mg Bruckner type furnace, very similar to that used at Anaconda also for sponge-iron 
testa 

Notwithstanding the fact that much work has been done on sponge iron, there are, 
with the possible exception of some Second ft orld War developments, no plants in 
successful and contmuous commercial operation at this time 

Both heat and agitation arc aids to precipitation Fine material, such as sponge 
or shot iron, will permit of agitation, w hile precipitation w ith loose or baled scrap, or 
with pig iron, must be earned on in launders 

With a clean detinned scrap iron, the Ohio Copper Co produced some millions of 
pounds of cement copper, w hich averaged over 90 per cent of copper Several lots 
consisting of 50 or more tons each, averaged over 9o per cent copper Tbe<'e arc the 
results obtamed when usmg clean solution of low density and with proper supervision 
The average copper contents of all the cement copper produced at Bio Tmto, where 
pig iron IS used, is 75 per cent At New Corneha, where baled scrap is used, it is 60 
to 65 per cent 

The chemical precipitation of copper by iron is nearly alwaj s earned on m either a 
sulphate or a chloride solution In either ease, it is quite necessary to reduce the ferric 
salts before precipitation This maj be done by passmg the solution over copper or 
iron sulphides 

The statement frequently made that the acid must be neutralized before the copper 
will precipitate is not entirely correct Precipitatmg copper from waste solutions on 
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scrap iron is frequently done at copper refineries. These solutions sometimes contain 
as much as 15 per cent acid, and the copper maj^ be entirely precipitated without 
complete or nearly complete neutralization of the acid. 

The cement copper commercially produced contains 20 to 30 per cent water or 
solution. TMiere tliis material has to be transported a long distance, drjdng might 
prove economical. When dr>^ing the material, however, it oxidizes. When it is very 
dry, it causes trouble by dusting. Tests on drj^ing cement copper showed, when slowly 
dried to 15 per cent moisture, that 60 to 70 per cent of the copper contents had been 
oxidized. Whether dried in air or by heat, the quantity of copper oxidized appeared 
about the same. Air drjdng is too slow to be commercial. Drying with moderate 
heat is probablj’' best. The statement that cement copper in drying oxidizes so quickly 
as to cause spontaneous combustion could not be proved. 

The disposal of this cement copper has been the cause of much discussion. Pro- 
ducers of this material frequently have visions of greater profits by converting this 
cement copper into electrolytic cathodes, casting copper, blue vitriol, or some other 
more profitable forms. The eventual treatment of this class of material, when in 
sufficient quantity’’, will be simple melting or fusion in a coal- or oil-fired reverberatory 
and, perhaps, then tapping molten copper into a refining furnace and subsequently 
refining so as to produce a casting copper or anodes for the electrolytic refinery. Such 
an operation would not require a large expenditure. 

The advantages of electrolytic copper in the making of alloys and bearing metals 
is more and more appreciated, and the market for casting copper is irregular and 
fluctuating, with the result that direct uses for secondary coppers are becoming less, 
thus reducing the field for casting copper. In all probability, the most economical 
disposal of this material will be smelting and casting into anodes and shipment to 
a refin er 3 \ 

Hydrogen Sulphide. — Hydrogen sulphide may be considered the next best pre- 
cipitant for copper from leaching solutions. If hydrogen sulphide is applied to a 
copper sulphate or copper chloride solution, copper is precipitated as cupric sulphide 
find acid is regenerated equal to that combined with the copper. This regenerated 
acid may be used to dissolve further copper. 

Hydrogen sulphide may be generated in various ways, the cheapest probably being 
by the action of sulphuric acid on a low-grade copper matte. Tests made with hydro- 
gen sulphide generated from sulphuric acid and low-grade matte have given the costs of 
precipitation to be equivalent to iron at $20 per ton, or about 1 cent per pound of 
copper. 

Greenawalt recommends hydrogen sulphide for the precipitation of copper from 
discard solutions. There are no leaching plants known to be in operation at this time 
where this gas is used as the precipitant of the copper from solutions. 

Sulphur Dioxide. — ^The most interesting process that has been developed for 
copper precipitation is that of George D. Van Arsdale[28], who found that, when a 
solution containing copper and ferrous sulphate is saturated vAth sulphur dioxide 
and is then heated under pressure, a reaction occurs resulting in the precipitation 
of about half of the copper as finely divided metallic copper together with the for- 
mation of free sulphmic acid. Tliis process has been tried at several plants, and it 
was found that between 60 and 70 per cent of the copper could be quite economically 
precipitated. The principal difficulty was how to recover the remainder. 

Commercial Leaching Installations. — ^I'he most important copper-leaching 
plants that have been constructed are briefly described below. 

The Chile Copper Co. — ^Thc ore treated by the Chile Copper Co. at Chuqui- 
camnta, Chile, consists of oxidized minerals in seams and fissures affording simple 
and rapid extraction. The ore contains among other minerals the unusual basic 
copper sulpliatc or brochantitc. The mineral is readily soluble in dfiute sulphuric 
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acid and introduces copper sulphate mto the solution, which, on electrolysis, liberates 
free acid The mineral is reported frequently to be present in sufficient quantity to 
make the addition of acid from outside sources unnecessary 

The ore, averagmg about 1 7 per cent copper, is mined with steam shovels, loaded 
on cars, and transported by rail to the crushers Successive crushing operations 
reduce the steam-shovel size so that 30 to 00 per cent will pass 0 371 m mesh The 
plant has a capacity of over 1,400 000 tons per month 

Belt conveyers deliver the crushed ore to a travelmg bridge, from which it is 
discharged mto one of six reinforced concrete tanks lined with asphalt, 150 ft long 
by 110 ft wide by 16H to 18 ft deep, set end to end and holding about 11,500 tons 
each The ore is charged into one end of the tank until the top of the tank is reached, 
and the bridge la then advanced as such a rate as to keep the level constant This 
method of charging a tank classifies the ore so that the coarsest material will be at the 
bottom and the finest on top 

The ore may be loaded into the tanks either mto solution or mto a dry vat, depend 
mg on whether or not solution is available It 13 allow ed to soak for 8 to 24 hr before 
the first strong solution is run in A second soaking period of 24 to 72 hr ensues after 

which a second strong solution is applied at the top Three more strong leaches are 
given and then six successive washings with liquors of decreasing copper content 
A certam quantity of each solution coming from the ore is removed for the complete 
deposition of the copper, m order to take care of the impurities and to compensate 
for the introduction of wash water to the system The impunties at Chuqmcamata 
consist principally of the sulphates of magnesium, sodium, and potassium, togeO er 
with a small quantity of nitrate and chloride The former, while not detrimental to 
the operation, would accumulate to such a point as to render the solution inactive 
The chlorides and nitrates go into solution with the copper and must be eliminated 
as far as possible The chlorides are removed by agitatmg the pregnant solution m 
the presence of metallic copper, whereby the chlorine wiU be precipitated as a more 
or less insoluble cuprous chloride About 85 per cent of the chlorine is removed in 
this manner and about 1 ton of solution is dechlormated per ton of ore treated The 
nitric acid is eliminated by the use of a little sulphur dioxide, which is converted to 
sulphuric acid Both chlondes and nitrates when present in appreciable quantities 
prevent the use of lead anodes 

The ore is ideal for leaching the extraction obtained averaging consistently oier 
90 per cent It has been said that each ton of ore contams between 20 and 30 lb 
of what might be called latent acid 

The pregnant solution after dechloridiimg is sent to the electroljrtic tank house 
for precipitationiSO] These tanks ate of reinforced concrete There are 1098 cells m 
operation Lead anodes were at first tried m the experimental plant but were not 
found satisfactory A German anode made of fused magnetite was then used The 
war (First World War) with Germany made these difficult to obtain, and a ferro- 
sihcon alloy was substituted Later these were replaced by copper sihcon and 
antimonial lead anodes developed by the research department of this company 

Power for all operations is generated at a plant built on the coast some 150 miles 
from the mmes Of the total power generated a little over 80 per cent is used for 
copper deposition About 0 85 Ib of copper is deposited per kilowatt hour to the 
tank house Refining furnaces have been provided and the cathodes are meUed and 
cast mto commercial shapes at the plant, the product leaving Chuquicamata as the 
highest grade of electrolytic copper 

This process is being successfully applied to some four or five million tons pc? y^'j 
turning out at practically one contmuoua operation some 180,000,000 lb of refined 
copper from an ore that could not be treated by any other known method 
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New Cornelia Copper Co. — About the time that the Chuquicamata plant of the 
Chile Copper Co. was ready to begin operations, the details of the process to be used 
in treating the ores of the New Cornelia Copper Co. at Ajo, Ariz., had been practically 
decided upon. 

The problem in Ajo differed from that in Chile in that the ore to be treated (1) 
was of a lower grade; (2) did not carry any latent acid compounds, such as basic copper 
sulphate; (3) was less readily soluble. On the other hand, the problem at Ajo was 
simpler. There w’ere neither chlorides nor nitrates to contend with in the ore. Tests 
could be carried out on a larger scale and closer to the scene of actual operations; 
supplies were less expensive and more easil}’' secured. 

After a period covering nearly three and a half years and during which some 15,000 
tons of ore were treated, a process was developed, the results of which could be posi- 
tively foretold, and by which the deposit was successfully worked out. 

The process adopted was as follows: (1) mining by steam shovels, the maximum 
size to be controlled by the size of a fragment that null pass the shovel dipper; (2) 
transportation of the ores in cars that will stand up to the rough service and discharge 
freely any fragments that passed through the dipper of the steam shovel; (3) the 
delivery of the ore, without any storage other than cars, directly into a crusher that 
will receive any fragment discharged by the car; (4) crushing of steam-shovel size to 
as near in. as practicable; (5) leaching the crushed ore 8 days by a countercurrent 
s>^tom and upward circulation, using sulphuric acid and such ferric sulphate as is 
inherent in the process; (6) reduction by sulphur dioxide gas of the ferric iron remain- 
ing in the neutral solutions from the leaching tanks; (7) the electrolytic deposition 
of part of the copper from this reduced solution, which is then returned to the leaching 
solution; (8) the continuous discharge of such portion of the neutral solution as is 
necessar 3 ' to prevent accumulation of sulphates other than copper to the saturation 
point; (9) the recovery of the copper content of such discarded solution as cement 
copper precipitated on iron; (10) the treatment of a part of this cement copper with 
solution from the electrolytic tank house to the end that the copper be returned to the 
circulation and a part of ferric sulphate reduced. 

Crushing . — ^The ore was mined by steam shovels and was loaded and delivered to 
the crushing plant in side-dump cars. The crushing plant was divided into two 
departments, coarse and fine, which were separated by a 10,000-ton storage bin. 

The 10,000-ton storage bin between the coarse and fine crushers was of steel, built 
on an elevated reinforced-concrete platform. The ore was draum from it automati- 
cally onto a set of five belt conveyers, equipped with magnetic head pulleys, which 
delivered the ore to five units of Symons vertical-shaft disk crushers. Each xmit 
consisted of three interchangeable crushers. The first was set to crush to inch cubes. 
Tlie crushed material was elevated and screened; the undersize by-passed the remain- 
ing two cnishcrs, which were set in parallel. The oversize passed to these two 
crushers, which were set to crush to the desired size. The entire product was fed to o 
s\'stcm of belt convej’crs, which led through a sampling plant to the leaching vats, 
which furnished the only storage for the crushed ore. 

Leaching , — The leaching tanks, SS ft. square and 17 ft. 4 in. deep inside, were 
built of reinforced concrete with wooden bottoms. Each had a capacity of 6000 
tons of crushed ore. llie sides and the launders of the tanks were lined with 8-lb. 
lead and the bottom with 6-lb. 4 per cent antimonial lead. The filter bottom was 
laid over the lead bottom and consisted of 5 X 12 in. joists on edge laid on IG-in. 
centers, covered vriih 2-in. shiplap planks that were bored with ?8-m. holes on 2-in. 
centers co\intersunk from below. Under the center of the filter bottom, and at right 
angles to the wooden floor joists, a distributing launder was set in the floor, through 
which the solution enters and from which it is distributed under the filter bottom. 
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Ttie lead lining on the sides of the tanks was protected from abrasion bj a cotenngof 
2-in planks kt the top and sides of each leaching tank w ere tw o o^Trflow launders 
extending the length of the tank, one end being connected with the suction of a circu- 
hting pump Tlie charging w as done bj a machine especially designed for this plant 
and known as the spreader bndge It consists of a trai eUng bridge of structural steel 
which spanned the tanks and tra\clcd, as desired, lengthwise mth the row The 
bridge supported a belt com ever, which rcceited the crushed ore from the belt on a 
central structure A tripper on this belt spread the ofc in the leaching tanks 

The tanks were charged by filling to the top of the tank at one aide, allowing the 
ore to assume its natural slope, or about 45 deg , and then continuing at one side and 
discharging the ore at the top of the elope allowing the coarser material to run to the 
tiottoro and the finer to remain somewhat higher up, thus giving a rough classification 
The bndge » motwl slowlj forw-anl as the filling of the tank progrevses This plan 
was siiggesteil br the engineers of the Chile Copper Co , who hate obtained the best 
results through this methotl of filling 

Tlic crushed ore was Icachetl for 6 to S dats bj a countercurrent sj stem and upward 
percolation, using dilute sulphunc acid as the principal salt cut 

The solution in each tank was circulated bj two 15-m vertical centrifugal pumps 
bat ing a capacity of 3500 gal per nun each These w ere d'^ivcn bj dircct-connecled 
-Kkhp tcrtical motors TTbc head against which the pumps work was equitaKnt to 
the f nction head of the solution passing through the ore The discharge from one oi 
these pumps was protidcd with a bj pass which permitted a portion of the solution 
to l>c advanced to the next tank Both pumps were throttled to give a eifculsUon o! 
aliout 4000 to 6000 gal per mm through the ore Of this amount about fOOO gsl , 
callctl the solution advance, was continuously passing through from tank to lank 
The high acid solution, which has av eraged about 2 5 per cent free acid for an S-dsy 
leach coming from cither or both the tank house and the solution storage, and going 
on the oldest ore, was callevl the acid advance " The nearly neutral solution com- 
ing oil the newest charge and going to the reduction towers was known as the “neutral 
adv ance " 

Upon the entrance of a new charge into the circuit the solution remaining m tin 
oldest tank was dramed to the solution storage, where it was standardized with acid 
and later used as acid advance After thorough draining, the tank was readj for the 
wash water 

As the copper entrained in a charge after leaching was about one-third of the total 
copper dissolved the cjurstion of thorough vv ashing was scry important Four suc- 
cessive wash waters with drainings were used 

The fourth wash of anj one charge was used as the third wash of the succeeding 
charge, the third used as the second and the second as the first In other words, each 
wash water was used four times the copper contents increasing each time, when it 
was incorporated into the svetem to make up the continuous losses of solution These 
losses were due to evaporation, discard and solution entrained m tailings. 

After a charge had been washed and drained, the tailings were removed from the 
tank b> a Hulett unloadcr, similar to unloadcrs u«ed on the Great Lakes forunloa<bng 
Iron ore from boats A heavj steel bridge on trucks spanned the loaeliing tanks an! 
traveled their entire length On this bndge traveled a trolley carrying a walling 
beam, bucket leg andlmcketo' iS-ton capacitj TlicunloadtrhadBrateilcapsoty 
of 600 tons per hr and generally excavated a tank of tailings m 10 to 11 hr 

Rtdtuiwn of Iron —In the elcclrodeposition of copper from a sulphuric anl 
solution* mn, 1 / prtwnt^ ^Ul ron^^me clfrtnc , by it< allcmfttc oxidation ano 

reduction, thereby reducing the quantity ofcopiKf depositeil per unit of rurrmt 
Punng the cxpcnoienta! work, the control of the feme iron proved one of the Hardest 
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problems to solve. A patent diaphragm anode was tried and gave good results, but 
was cumbersome and difficult to keep in order. Later, tests made on a process in 
which iron and alumina were precipitated as hydrated oxides by the addition of 
roasted copper ores gave good results, but the method was considered too complicated 
for an ore of this character. The idea was then suggested of using the natural oxides 
and carbonates in the ore itself as the precipitant of the ferric sulphate; in other words, 
the precipitation of the principal impurities in the solutions upon the charge itself. 
Early tests made on a small scale were very promising, but tests carried out later on 
a larger scale failed to give the desired results. For the first 15 or 20 days, the copper 
in the newest charge of ore was sufficient to precipitate all the ferric iron that was 
contained in the solution passing through the ore. However, as the acid concentra- 
tion on each charge increased, the precipitated ferric iron was rcdissolved and eventu- 
ally accumulated to such an extent that the iron in the solution w’as in excess of the 
copper available as a precipitant. 

It was now decided to resort to SO 2 reduction. The general opinion was that this 
was both unsatisfactory and difficult. This proved to be the case in solutions decid- 
edly acid, but w’here neutral or slightly acid solutions were used, reduction proved 
quite easy. For these tests elemental sulphur was used, as it was believed that a gas 
with the maximum percentage of SO 2 was most essential and that a rich gas could 
be produced only by burning elemental sulphur. 

In the sulphite-pulp industry large quantities of sulphur gas are produced and 
absorbed, and, accordingly, the method of producing and absorbing the gas used in 
that industry was investigated. It was found that at some plants pyrites were 
used and that under proper conditions a gas of 12 per cent SO 2 could be produced. 
The only objection in the sulphite-pulp industry to the use of pyrites was the tendency 
of small calcined particles to be carried into the solution and thence into the pulp. 
Upon investigation it was decided to make use of the cheap and abundant supply of 
the high-sulphur low-copper ores of the Bisbee district. 

A bucket elevator and a conveyer equipped ndth automatic tripper delivered the 
crushed ore to hoppers situated above four Wedge roasters. These roasters were 22 ft. 
6 in, in diameter, had seven hearths, and were belt-driven by 7)^-hp. motors. 

The gas leaving the roasters entered a spraj^ or cooling chamber. This chamber 
was 14 ft. square, 94 ft, long, and was built of 8-lb. lead supported on a wooden frame- 
work. Nozzles were distributed over the top and sides through which “neutral 
advance “ was sprayed to cool the gas before it entered the towers. Between 90 and 
100 'gal. of solution per minute was required to supply these sprays. The ferric iron 
in the solution used in cooling the gas was practicallj’- all reduced and the solution 
joined that coming from the towers. The temperature of the gas in its passage through 
the spray chamber was reduced from 600 to 150®F. A flue connected the spray 
chamber with the bottom of the first pair of towers, dividing the gas equally between 
them. 

There were six towers arranged in pairs. IVo pairs of the towers were part of the 
original equipment and were 40 ft. high and 20 ft. in diameter. Those were built of 
sheet lead, supported on a steel framework. The other pair were 28 ft. in diameter, 
40 ft. high, and were built of ordinary- redwood tank construction, hooped together 
with iron rods. As an additional precaution against gas leakage, the wooden towers 
were painted with asphalt and covered with roofing paper under the hoops, llic 
towers rested \ipon a reinforced -concrete base, provided with a lead pan. All towers 
were filled witli boards placed on edge, the width of a board apart, and in laj'ers. 
Each layer was laid at right anglas to the one immediately below it. The solution was 
dustributed over the top of the towers by a system of launders provided with gas seals. 
Between the second and third pairs of towers was a fan which drew the gas from the 
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roasters throuRh fhc spray chamber and a third set of ton era, and forced it through 
the second and first sets to the atmosphere The temperature of the escaping gas 
was that of the atmosphere 

The solution (or neutral ad\ anee) to be reduced traveled countercurrent to theflon 
of gas, t f , the most reduced solution came m contact with the strongest gas The 
solution coming from the newest tank of ore was pumped to the top of the third pair 
of towers bj a centrifugal pump The solution distributed bj launders and gas seals 
Honed down over the filling, thus commg into intimate contact with the rising gas 
At the bottom of each pair of towers there w as a concrete lead lined sump mto which 
the solution flowed and as then pumped through the next pair of towers From the 
first pair of toM ers the solution w as pumped to the second pair, then to the thud pair, 
and then to the so-called scttlmg tank whence it went to the tank house The pur 
pose of this settling tank w as tw of old (1) to settle out the slime, (2) to gel the benefit 
of the additional reduction that was found to take place in a neutral or slightly acid 
solution on standing 

hUctroljtir Deposition — The electrolytic tanks were housed in a structural steel 
building 100 ft wide and 2S0 ft long having sides only partly enclosed to give good 
lentilation The tanks were all on the same level none m cascade 

The cellar w Inch w as open on all sides had an asphalt floor iliaining to gutters that 
led to a sump at each end of the buildmg There was headroom throughout the 
cellar to permit regular inspection of tanks piping and feed wires 

The electrolytic tanks were arranged in banks with aisles between There were 
12 banks of 10 tanks each and 4 banks of 8 tanks each, making a total of 152 tanks 
Lach tank was separated from the adjacent tank by a 3-in air space All tanks 
w ere made of Oregon pme lined with 7 Ib chemical lead The mside dimensions 
of the tanks w ere 29 ft 7 m long 4 ft 9 in wide, and 4 ft 3 in deep These tanks 
were supported on concrete columns and were insulated by tUe blocks covered with 
sheet-had caps Fach tank was provided with a 4-in clean-out plug There were 
also two perforated lead diaphragms one at each end of the tanks to assure a uniform 
circulation The inlet to each tank was fitted with a 3H m diaphragm rah c and a 
3tf in glaxetl stone wore gooseneck for insulating purposes At the outlet end there 
was a lead orerflow pan fitted with a 4-in tile pipe suspended in a 10-m lead bool 
connected to the dtscharge pipe 

Fach tank had 8-1 anodes making a total of 12,768 m the tank house The anodes 
w ere of lead containing 3 5 per cent antimony , of an ar erage w eight of 215 lb They 
were 40 X 51 X K m thick and were Bu«pendcd by two H X m copper bar* 
Bccurcd to the tops of the anodes The submerged surface of all anodes was 41 X 41 m 
riie spacing of anodea was 4^^ in on centers The distance from the bottom of an 
anode to the bottom of the tank was 8 in , while that of the cathode was 7 in Short 
circuits w ete 9rn.vpjo.tc<l Ia wmsw* 

glazed porcelam insulators distributed over the anode faces 

Much doubt was expressed about the life of the lead anode and some very poaitire 
alatements were made regarding their probable length of life Continuous service 
faded to show appreciable oxidation except after years of scmcc 

Them were 77 cnthwlr* to a tank or 9779 cathodes m the tank house exclusive of 
starting-«l ect 1 lanks The eathwlcs 42 in square w ere totally submerged Tbei 
were suspended upon copper bars bx loops made from starting sheets The original 
starting sheets w cighed about 15 to 18 Ib while the finished cathodes weighed 130 to 
140 lb 

The cathodes produci d x-an«l from 90 15 to 99 85 per cent m copper content, 
the impuntica l>cing principally sbmes held by rncchamcal entanglement The 
greater the density of the cleetroly to, the low er was the copper content in tlic cathodm 
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and the greater the insoluble matter, iron, and alumina. The cathodes always con- 
tained more or less chlorine, varying from 0.05 to 0.35 per cent. There being no 
arsenic or antimony in the ore, and little in the acid, the average arsenic content of the 
cathodes was less than 0.0015 and the antimony less than 0.0005 per cent. 

Twenty-five tanks operated on starting sheets, each tank containing 77 starting 
blanks, or a total of 1925 blanks. The starting blanks were of rolled 3.5 per cent 
antimonial lead, 53 X 43 X 34 and were large enough to allow a small amount 
of trimming, which was done with a squaring shear. The anodes in these tanks were 
3.5 per cent antimonial lead, and were 41 X 52 X )4 They did not have porcelain 
insulators, as these tend to spot the starting sheets. The spacing of anodes in these 
tanks was the same as in the commercial tanks. The tank construction and other 
details were likewise similar. 

The electrodes hung parallel to the flow of solution (or parallel to the length of the 
tanks) to give a free circulation of the electrolyte. Alternate bus bars extending 
across the tanks connected the electrodes in parallel and the tanks in series. These 
bus bars, placed across the tank, divided it into seven sections or cells. The inter- 
mediate bus bars were 134 in. wide and 4 in. deep, while the end bus bars were 1 in. 
wide and 4 in. deep. Soldered along the top of each bus bar was a triangular piece 
of copper, 34 in. high, giving a point contact to the electrode bars. Small maple 
blocks impregnated with linseed oil insulated cathodes and anodes from opposite bus 
bars. These bus bars were supported on insulated iron castings, which, in turn- 
rested on the tank cleats. The maximum current density was 8 amp. per sq. ft. of 
cathode surface when operating under normal conditions. With an average current 
efficiency of 80 per cent, this meant a daily gain of about 10.25 lb. per cathode, or a 
total capacity of 120,000 lb. of electrolytic copper per day. The drop of potential 
between anodes and cathodes averaged close to 2.00 volts. There was a tendency 
for the voltage to drop during the summer owing to an increase in the temperature 
of the electrolyte. 

The solution flow in the tank house was part of a closed circuit with the leaching 
and reduction plant, receiving a continuous flow of solution from them. This flow, 
coming always off the newest ore, then through the towers and settler, was regulated 
by means of weirs and varied from 800 to 1500 gal. per min., depending on operating 
conditions. This volume was divided among the 16 banks of tanks, those on starting 
sheets getting generally a little more than those on cathodes. this arrangement 
each bank of tanks on cathode received between 60 and 70 gal. per min. of reduced 
solution. Each bank unit consisted of either eight or ten tanks, a sump, and a 9-in. 
vertical-type centrifugal pump having a capacity of 1600 gal. per min. Each bank 
had an individual circulation of 1600 gal. per min. between it and the sump, while an 
overflow arrangement provided for the return of such a portion of the electrolyte as 
was equivalent to reduced solution added. 

The current efficiency depended on thp quantity of ferric sulphate present, owing 
to the reaction between ferric sulphate and metallic copper. The ferric iron content 
in the solution was kept as low as possible. With the total iron not over 2 per cent, 
the ferric iron in the electrolyte probably did not exceed 0.5 per cent. 

At the beginning of operations in the tank house, a great deal of difficulty was 
encountered by the dropping of cathodes in the electrolytic tanks, due principally to 
the corrosive action of the ferric sulphate on the loops at the solution level and on 
that part of the cathode covered by the ends of the loops. Corrosion at the solution 
line was oasib" remedied by raising and lowering the solution level in the electrolytic 
tanks, but the corrosion of the cathode slmet between the loop ends was far more 
difficult to overcome. Later this condition became worse with the increase in the 
ferric iron and higher temperature of the electrolyte. The dropping of cathodes not 
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onl> caused bad sLort circuits in the tanks but also made it nccessarj, wlicn pullirg 
cathodes ior sbipmcist, to puU mdi\ idual sheets v-ith tongs, 'which made it almost 
impossible to handle the dail^ output of cathodes Con<iidcrablc damage was also 
done to the lead lining of the tanks, and the danger from accidents nas more than 
usual Numerous schemes to o\ etcome this ditficuUj were suggested and tried until 
It was found that b> splitting the ends of the loop and attaching them n ith a Alorroii 
machine in such a manner that the portion of the starting sheet adiacent to the loop 
■was cxposetl to the deposition of copper, not onlj the loop, but also the sheet built 
up, making a good firm joint After the adoption of this method, no further trouble 
WPS experienced with dropping sheets 

As pro louslj mentioned onl> about dli to 50 per cent of the total acid used in an 
8-dai hach is utilized m dissohing copper ITic rcmaindir is used in du-obing 
impurities If copper onlj is rcmoied from the solution, the other substances will 
graduallj accumulate and the solution will reach a condition •where it will bcennie 
sluggish m dissoh ing the copper from the ore To keep the solution active it is cii- 
dent that a portion must be discarded and replaced w ith fresh water Tlic quantitj of 
bolution discarded per day must contain impurities equivalent to the amount dissoKcvf 
per daj if tlie accumulation is to be at oidcd In the e-cpcrimental work it was four J 
that, under simitar conditions nearl> all the substances that w ent into the solution 
were present in a fairly constant ratio to one another Of the xarious impurities 
dLssolved, iron is the most easily and quieklj determined and was used as the indicn 
tion of the quantity of solution necessarj to be discarded The experimental work 
clearly demonstrated that the best results were obtained when the total iron m the 
solution did not exceed 2 per cent 

The original cementing equipment consisted of six sections of reinforced-concrcle 
launders. Tlieae were arranged in two parallel rows of three sections each The 
bottom of each launder eloped toward three side clean-out gates The scrap iron 
rested upon a grated wood floor Tlie solution flowed through each one sueccsMi el j , 
but could be bj-passed to allow the cleansing and refUlrngof any of the sections From 
these launders the waste solution went to the desert 

Under good operating conditions practically all the copper was precipitated 
hen a launder w os no longer eflicicnt the solution to that launder was bj passed and 
the solution remammg in it was drained Tlie cement copper w as shoveled out onto 
wooden grates, where the iron was washed oil with a hose, and the unconsumed iron 
was returned to the launders 

Cement copper when clean and finely divided dissolves readily in ferric sulphate, 
with the formation of copper and ferrous sulphates By so doing pot oiilj is the 
cement copper dLssolved but the ferric iron is reduces! also Tlic plan w as to ho-e off 
the loo.sely ndhircnt copper from the scrap iron to the bottom of the lank and then 
flush it into one or more circular lead lined tanka, called agitators Tliose tanks are 
20 ft in diameter and C ft deep provided*with a stirring divice, driven bj a small 
motor, 125 gal per min of tank-house return solution can be circulated through eatli 
tank 

Hits plan of rr<Iia.Hol\ ing the cement copper was carnisj out when the operating 
conditions of the plant reqmrwl it Tlie principal objections to the eootmuoiis ii<a' of 
tuch a plant arc that by twIis'kiK mg the cement copper in tank-house solution tie 
total copper output of the plant ts retluced which at times does not giv e the greatest 
profit possible Although the Ajo plant w historj, this length} description is gi'f" 
u tt details the operation of a plant the detaib of which were carefull} planned and 
which functioned proCtaMj to the ixhaustion of the deposit 

Union Minlire du Haul Katanga —Sulphuric acid leaching was prnctiewl for a 
time on the shale ores of the Union Mmiirc du Haul Katanga Tlic plant presented 
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some novelties as compared with other installations, in that continuous and not batch 
leaching was employed; the leaching was by agitation instead of percolation; washing 
the sand tailings was carried on in multideck Dorr classifiers arranged countercurrent; 
washing the slime tailings was performed continuously in thickeners; the iron and 
alumina in the solutions were held within reasonable limits by continuous purification 
through neutralization of a part of the solution with original ore or concentrates[36]. 

Some condition was present, which has never been satisfactorily explained, that 
quicklj'' ate away any copper alloys, and only lead, duriron, some of the chrome-nickel 
irons, rubber, asphalt mastic, glass, and porcelain could safely be used in contact with 
the solutions. This was possibly due to cobalt. 

The removal of iron and alumina by precipitation with a portion of the ore was the 
first successful application of this idea to commercial practice. A portion of the solu- 
tion was constantly withdrawn and agitated for 17 hr. with raw ore or concentrates, 
completely neutralizing it. The pulp was then classified, the sands were sent back to 
the leaching circuit, and the slime was sent to a thickening-washing circuit which was 
always maintained at neutrality. The washed slime discarded from this operation 
ran about 1 per cent Cu, but apparently it was figured that control of the iron and 
alumina was worth this price. 

Andes Copper Co. — ^The leaching plant of the Andes Copper Co, at Potrerillos, 
Chile, is a sulphuric acid leaching operation, a 6-day countercurrent leaching followed 
by a 1-day countercurrent wash. The operation is unique in that through a complete 
neutralizing with 200-mcsh limestone the entire leach solution is purified from iron, 
alumina, arsenic, and phosphorus before it goes to the tank house. This means that 
all the free acid in the leach solution and that combined with the iron and alumina 
is thrown down as calcium sulphate and is eliminated along ndth these impurities. 
This consequently means that about 63 lb. of 60° sulphuric acid is required per ton of 
ore treated. This acid is produced by treating a part of the gases from the roasting 
plant for the production of sulphuric acid [38]. 

The first leach of the ore is by upward percolation, but the succeeding five leaches 
are by downward percolation. The tanks are concrete with mastic floors and acid- 
proof brick walls. The filter bottoms are of the Inspiration type. 

It was found necessary to remove the slimes which run approximately b}4 per cent 
and to treat them by agitation. Any discard and excess wash solutions are treated 
with crushed limestone by agitation at about 37°C. The precipitated copper car- 
bonate and the accompanying calcium sulphate are fed back into the purifiers, the 
copper carbonate acting in the same way as does the limestone to neutralize acid and 
throw down iron and aluminum. 

Chlorine is eliminated by agitating the purified leach liquor with excess of cement 
copper, which throws down much of the chlorine as cuprous chloride. The settled 
residue consisting of cuprous chloride and cement copper is treated with ferrous- 
chloride solution, which dissolves the cuprous chloride. The copper in this solution 
is precipitated with scrap iron, washed, and used for further dechloridizing. The 
copper is then precipitated from the dechloridized solution by electrolysis, using 15 
per cent antimonial lead anodes. The copper is reduced to about 11 g. per 1. in the 
tank house, the spent electrolyte going back to the leaching tanks. 

Inspiration Consolidated Copper Co. — ^The Inspiration Consolidated Copper Co. 
in October, 1926, commenced large-scale leaching of an ore carrying oxidized copper 
and chalcocitc by the use of ferric sulphate and sulphuric acid. After 2 years a flow 
sheet was adopted in which slime was removed, treated first by flotation, then by 
agitation, while the sands were treated by upward percolation. Tlie Hxiviant was 
regenerated by electrolytic precipitation. The solution from the tank house carried 
about 9 g. per 1. of iron, 41.1 g. of acid, 21.6 of copper (in 1931); the ferric iron in the 
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solution from the leaching tanka tan 2 8 g per I , but by the time it went to the tank 
bouse it carried 4 0 g of ferric iron (total iron, 20 g ) The solution to the tank house 
earned 26 4 g of copper (1931) The anodes are 8 per cent antimomal lead Start- 
ing sheets for the tank house are made m a small section of the tank house using anodes 
cast at the Inspiration smeltery, near by It vras found highly advantageous to u arm 
the solutions so that they went on the ore at 42®C Wash waters or waste solutions 
were treated with detmned scrap before discardingtST] 
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CHAPTER XIII 

ELECTROLYTIC REFINING OF LEAD 

Bt OrsTAVE Reineebg^ 

Histwj * — CotaTEVETaal el«attoly tvc lefining of lead dates from the development o{ 
the fluosUicate electrolyte by Anson G Betts, at the beginning of the twentieth cen 
tury Larher ejcperimentera bad endeavored to use acetate or nitrate solutions, from 
which the lead was deposited at the cathode m the form of loose crystals or sponge, 
which fell to the bottom of the tanks or was removed by mechanical scrapers The 
practical difficulties of this method of operation, especially those mcident to the 
washmg and meltmg of the refined lead proved insurmountable Betts[l] mi estigated 
a number of complex acids, mcludmg fluosilieic, fluobonc, dilhionic, methyl and 
ethyl sulphuric, and several sulphonic acids all of which formed very soluble lead 
salts and produced electrolytes of high conductivity He found that by the addition 
of an organic coUoid such as glue or gelatin, these electrolytes could be made to pro- 
duce a solid and adherent cathode deposit, with a densitj equal to that of cast lead 
Considerations of cost and stability have made fluosilicate electrolytes the logical 
choice for refining operations although fiuoborates and sulphonates have had a lunited 
application for special purposes such as electroplating 

The pioneer Betts process refinery, that of the Consolidated Smelting & Refining 
Co , Ltd , at Trail, B C [2] has been in continuous operation since 1903 and has been 
Buccessivcly modernized and enlarged to a capacity in excess of 500 tons per day 
The plant of the U S Smelting Lead Refinery Inc , at Last Chicago, Ind , started 
operations in 190G and has also been evtensively modernized in recent years The 
latest Betts refinery to be built is that of the Cerro de Pasco Copper Corp , at La Oroya, 
Peru, the first unit of which was started in 1934, followed by a large capacity enlarge- 
ment in 1937 This plant was speciaUy designed for the treatment of very impure 
bulhon, and its operating conditions differ m several respects from previous practiceI3) 
The Betts process is notable for its abdity to produce refined lead of exceptional 
purity, and is particularly adapted to the treatment of buUion containing bismuth, 
or m which the total content of impurities is large It does not offer any significant 
metallurgical advantage over the older Parkes process for the refining of relatively 
pure bismuth free bullion such as that produced from Missouri ores, but may have an 
eraMMimus ailvantagp d fual cost, vt in. cow-pasisov, vidJh oWtric, powes mtea 

Blcctrochenucal Data — As lead is divalent in fluosilicate solutions, the electro- 
chemical equivalent is 3 865 g per amp -hr , or 0 2045 lb per amp -day A current 
efficiency of 90 to 9o per cent of this figure is usually reabzed The most economical 
current density will normally be between 15 and 18 amp per sq ft The electrolyte 
composition may vary considerably, representative values being 80 g per 1 each of 
Pb and free Il»SiFi, corresponding to a total SiF* content of 135 g per 1 Electrolyte 
resistance vanes with composition as shown m the attached curves (Figs 1 and 2) 
Tins resistance also vanes with temperature in the usual manner (Fig 3) In tem- 

I MctsUarEieal enpaeer Cerro De Paseo Copper Corp Kew Tork 

« n»f»rcne«« tn this chapter «re to einuUrty numbered references m the B fahogrephy at the dose of 
t> e chapter 
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Grctms To-fotl SlFg per Liler 


Fia. 1. — Electrolyte resistance curves. 



Caroms of Free H2SiFe per Lifer 


rt(5. 2.—01uiih r)or cubic incli of electrolyte^ varjnng the free HsSiFe with 40, 00 and 80 g 

of lead per liter. 
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perate climates, an equilibrium temperature ivill ordinarily be reached at some per 
missible \ alue between 30 and 40*0 , but m extremes of weather, some artificial heating 
or cooling may be required, since very low temperature would increase resistance 
unduly, and excessively high values might damage tank linings Under these condi- 
tions of current densitj, electrolyte concentration, and temperatures, the average 
volts per cell will approximate 0 45, and the direct-current power consumed m the cell 
circuit wnll be about 120 kw -hr per ton 

Cell cu-cuits have generally been designed for a total current of 4000 to 6000 snip 
direct current The over all voltage of a 4500-anip circuit is approximately equal, 
numerically to its refining capacity in short tons of lead per day 



Fw 3 — Temperature-resistance curves fluosilicate electrolyte 


The amount of glue used as an addition agent ranges from 0 5 to 1 5 lb per ton of 
lead produced It has been found that bmdarene flour (a bj -product of the paper- 
pulp industry) may be substituted for half or two thirds of the total glue used, the 
glue-bmdarene mixture often producing a better deposit than can be obtamed with 
glue alone The addition agents are, for the most part, deposited with the lead and 
produce a characteristic odor when the cathodes are melted 

The metals having elcctromotive-solution potentials higher than lead, it, Zn, 
Cd, Fe, Nl, and Co, are normally absent from lead bulhon, or are present in such small 
amounts that no injunous accumulation m the electrolyte will occur An electrolyte 
can therefore be used for many years w ithout purification Small accumulations of 
iron, alkali metals, and nitrogenous decomposition products of glue are found m old 
electrolytes, but usually have no harmful effect on the operation 

■nn prisents a special case, m that its electrolytic solution potential is neatly iden- 
tical with that of lead It may therefore be dissolved and deposited with lead at 1“® 
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cathode, if present in the anodes being refined. Tin which thus contaminates the 
cathodes is removed by mechanical dressing or blowing with air when the cathodes 
are melted. In general, a portion of any tin present in anodes will form intermetallic 
compounds Avith other impurities present, which lower its solution potential and cause 
it to be retained in the anode slime. If the bullion under treatment contains suffi- 
cient tin to warrant the recovery of this element, it may therefore be expedient to 
remove it by a high-temperature dressing operation[4] before casting the bullion into 
anodes, rather than to recover it from slimes and cathode dross. The codeposition 
of tin and lead from fluosilicate solution is employed as a commercial method for the 
production of solder [5]. 

It has been observed that thallium is another element with anomalous behavior, 
which may be only incompletely removed from lead by electrolysis. Thallium, how- 
ever, will occur in lead bullion only under exceptional circumstances, even when the 
parent ores contain it, as it is practically completely eliminated from the lead blast 
furnace by volatilization. 

The impurities ordinarily associated with lead, all of which have lower solution 
potentials than lead and remain undissolved at the anode during electrolysis, are As, 
Sb, Bi, Cu, Ag, Au, and Te. These impurities, if present in sufficient amount, form 
a highly porous layer or blanket of slime which remains attached to the face of the 
anode and retains the original shape and appearance thereof as the lead is dissolved. 
The solution filling the pores of the slime blanket, a volume which is of course equal 
to that of the lead that has been removed, is not by any means of the same composition 
as the freely circulating electrolyte. It consists, rather, of a nearly neutral solution 
of lead fluosilicate of high concentration. The voltage drop that appears across the 
slime blanket, which increases as corrosion of the anode proceeds, is produced by the 
ohmic resistance of the solution in the pore volume and by ^'concentration-ceir* 
effect. 

In modern practice, the working life of the anode is determined by the nature and 
amount of impurities present in the bullion treated. In this way the thickness 
attained by the slime blanket is limited to a value such that the maximum voltage 
drop across it is less than the electrolytic potential difference available for impurity 
separation, by a safe margin. For usual types of bullion and normal current densities, 
appropriate anode corrosion periods will range from 2-day anodes for bullion contain- 
ing 90 per cent Pb or less to 6-day anodes for bullion containing 98 per cent Pb or 
more; the exact limits must in every case be established by trial. This technique has 
eliminated the difficulties encountered in earlier years, when heavy anodes with 8- or 
10-day corrosion periods were universally employed. With these long corrosion 
periods, voltage drops were excessive unless the bullion treated was very pure, and with 
verj^ pure bullion, the slime blanket was too soft to be thoroughly adherent. In 
cither case, the purity of the lead produced was adversely affected. The minimum 
amount of impurity that will produce a slime of satisfactory ph 3 ''sical characteristics 
is dependent on the chemical composition of the slimes as well as other factors. This 
point requires careful attention if the bullion contains over 97 per cent Pb, and in 
certain cases, impurities may have to be recirculated to maintain proper conditions. 

It is preferable to limit the maximum life of the cathodes to a 4-da3’' period. Fivc- 
or six-day cathodes have been occasional!}" employed, but the increased weight and 
roughness of the deposit are serious handicaps. To facilitate cell-changing opera- 
tions, the cathode life should be a factor or a multiple of the anode life, therefore 
^day cathodes would be used with 3- or 6-day anodes and 4-day cathodes with 2- or 
4-day anodes. 

Manufacture of Electrolyte. — ^Fluosilicic acid, H 2 SiF 6 , which is also kmomi as 
In’drofluosilicic acid, is obtained as a b 3 ’'-product in the manufacture of superphosphate 
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fertilizer it maV be prepared by dissolving finely ground sibca in hydroflaonc 
acid of about 4() per cent strength Either percolation towers or agitator tanks may 



Fic 4 — Night view of Betta tank house dip washing for corroded anodes in fore- 

ground 
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acid is produced by distillation from a mixture of ground acid-grade fluorspar and 
sulphuric acid. Continuous equipment has been developed for this operation, 
but the original method of batch distillation from cast-iron ictorts connected to watei- 
cooled lead condensers is still used to a limited extent. 

Lead fluosilicate may be prepared dissolving lead carbonate or vrhite lead in 
fluosilicic acid, but when required in quantity, as for the initial filling of a lefining 
circuit, it is preferable to use electrolytic dissolving cells. These are horizontal cells 
Anth pig-lead anodes covering the bottom area and a perforated lead cathode sus- 
pended near the top. Acid is fed at a slow rate to the top of the cell, and the lead 
fluosilicate, which stratifies in the lower portion of the electrol 3 "te bj" virtue of its high 
specific gravit}’', is removed through a siphon overflow. A current densitj" of 30 to 
50 amp. per sq, ft. of anode surface is suitable for these cells. 

Acid Loss. — Under proper operating conditions, the over-all loss of fluosilicic acid 
from the clcctrolj’^to will not exceed 3 lb. of H 2 S 1 F 6 per ton of refined load pioduced. 



Pig. Cl. — Stniting-shcot pouring table, vith integralb’’ cast tjqjc of cioss rod at bottom. 

hhich larger losses were at one time experienced, especially when rclativeb" impure 
bullion was treated. These excessive losses have been eliminated hy fundamental 
improvements in refiner}^ construction and operating procedure. 

In the first place, all mechanical losses, such as those due to inadequate cell con- 
struction, have been prevented. Limitation of the corrosion period eliminates decom- 
position loss at the anode and the formation of insoluble compounds such as antimonj” 
fluosilicate. Finalb', and most important, is the complete recover 3 ' of solution 
entrained in anode slimes. Whisliing of the slimes must be conducted in counter- 
current fashion in order to avoid the neccssit 3 ' for an 3 ' evaporation of wasli liquors. 
Further, the more concentrated solutions must at all times have sufficient free acid 
present to prevent decomposition by hydrob'fch. The most effect ive method of wash- 
ing involves the u<?e of diffusional procc'^scs, by which the slimes arc completely washed 
before their removal from the surface of the anode scrap [3, GJ. Tliis is accomplbhccl 
by advancing the conoded anodes through a series of dip tanks, in which tlicy remain 
for a sufficient period to attain equilibrium with succe.ssively decreasing concentrations 
of acid and wa^b water. This procedure is applicable onb' when the anode.s contain 
sufficient impurities to produce a perfectly adherent slime blanket. 





res nous organic compounds or by a recently developed method of impregnation with 
hot paraffin Cells are arranged in cascade at the Trail plant, others use the side-by 
8 de arrangement of the alker system Electrolyte is circulated at a rate of 2 to 
I gal per nun per cell usually entering the cell at the top and overflowing through a 
1 ard rul her pipe extending within a few inches of the bottom Centrifugal pumps of 
bronze or rubber lined construction are used for electrolyte handling Bubber hned 
steel pipe is most satisfactory for cell feed lines and rubber lined launders for overfloa? 
return 


Anodes are cast m open horizontal cast iron molds which are generally mounted 
on a mccbanically driven casting n heel They are normally 24 to 26 m wide by about 
36 in deep in body dimensions with integral lugs or ears for suspension and handling 
The thickness required at usual current densities is about H pe? ^^5 
life plus h in for the residual core sheet It is important that anodes are cast to 
uniform weight and even thickness m order to ai oid excessive scrap and still ensure 
an uni roken core •sheet at the end of the corrosion period This requires a cmoolh 
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running casting wheel with a rigid deck, molds carefully leveled, and, preferably, an 
automatic metering type of pouring deduce. The anode scrap, which is approxi- 
mately 40 per cent with 4-day anodes, is of couise rcmeltcd and cast m the same 
manner as the original bullion. At the tank house, the anodes are placed in racks in 
which they are properly spaced for transfer to the cells, the usual spacing being 4 to 

in. center to center. 

Cathode starting sheets are n.ade by pouring a small quantity of refined lead from 
a tilting trough on to a cast-iron plate set at a small angle to the horizontal, on which 
the lead freezes in a uniform sheet about 1 2 ni. thick. These sheets are supported in 

the cells from cross rods of hard-drawn copper to which they are attached by looping 
and spot-welding. Alternatively, the cross rod may be formed of copper-plated steel, 
with a dovetail slot into which the sheet is integrally cast. Starting sheets may be 



Fig. 8. — Cathodes being lowered into refined lead kettle. 


stiffened considerably by grooving the casting table to form shallow corrugations, hut 
at best arc flimsy and require manual straightening before hanging in the cells. It is 
eustomaiy to fold over a small diagonal flap at each bottom corner of the sheet at the 
same time. 

The deposited cathodes, weighing about 150 lb. each, are u ashed in a dip tank or 
by .sprays upon lemoval from the colls and charged to welded steel melting kettles of 
70 to 235 tons capac^t 3 ^ If integrally cast cross rods arc used, these are skimmed from 
the surface of the lead after melting. Each kettle lot of refined lead is stirred or air- 
bloum at 520®C. to remove glue ash and traces of residual impurities, sampled, and 
cast into standaid bars of approximately 100 lb. Vertical centrifugal pumps are 
used to transfer the load to the casting wheel. Casting temperatures may i«iuge 
, from 375 to 425°C. From 1 J4 to 2 per cent of oxide dro'^s is produced in the melting 
and easting operation, which is either returned to a smelter or reduced to eomnion 
lead in a small reverberatory furnace. 

Both anodes and cathodes are handled to and from the cells in complete sets, 
usually 2 i anodes and 25 cathodes, by overhead traveling cranes provided with special 
hooks, the cells being .4iort-circuitcd individually for the few minutes required for this 
openition. At infrequent interv'nls, colls must be shorted out of t!»e circuit for a 
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sufficient time to permit draming, cleaning, and inspection of the hiung If produc- 
tion schedules permit, an entire cell block or group is usually cut out together for this 
purpose 

Corroded anodes arc advanced through the ivash tanks by overhead cranes, if 
dip ■Rashmg is used the spacing bet^^een anodes being first closed up to permit four 
sets of anodes to be handled together Tlie shmes are then removed by passing them 
between revolving fiber brushes or by scraping and brushing m the case of very hard 
shmes If dip washing is not practiced, the slimes must be brushed off in a tank of 
electrolyte and carefully washed by countercurrent decantation The washed slime 
may bo dewatered in a filter press or centrifuge, and further dried to a moisture content 
sufficiently low to permit charging to the melting furnaces In the case of dip-washed 
shmes the slurry from the bru<.hing machine is fed directly to a steam heated atmos 
pberic double-drum drier, which reduces moisture content to a low percentage in a 
suigle operation Briquetting the shmes under heavy pressure at this point will 
increase the efficiency of the subsequent melting operation, but this practice has not 
vet been applied corntnercially 

Slime Treatment — Hie details of subsequent shmes treatment are naturally 
variable, being delcrnuned bj the composition and relative importance of the con 
tamed values A number of w et methods of treatment have been proposed, but none 
has been widely used IdTien, as is often tlie case, the precious metal values are the 
primarj concern, the general procedure is as follow s TJio shme is melted m a reverbera 
tory furnace and the metal transferred to a furnace mth submerged tuyeres and blown 
with air The major portion of the arsenic and antimony is thus removed by volatili- 
zation as ovide fume, w hich is collected in a baghouse connected to the flue system 
Slags removed from the early stages of the operation contain the remainder of the 
arsenic and antimony and the majority of the lead present, as the oxidation proceeds 
the residual lead is slagged off together with bismuth, copper, and teUunum The 
final stages of the oxidation are conducted in a separate furnace, in which the tuyeres 
may be above the metal bath, and to finish the charge, soda ash and niter are added 
to complete the removal of the tellurium and copper A dor^ bullion as^ajung at least 
99 per cent silver plus gold is tapped from this furnace and cast mto shapes suitable for 
acid or electrolytic parting The slags and baghouse fume are re-treated separately 
for rccov cry of their contained values, including the small proportion of the silver and 
gold which they carry Slags from certain, stages of the oxidation, ate often segregated 
to facilitate recovery of a particular element, such as bismuth 

Electiochemical Senes — Reference has been made m this chapter several times 
to the electrochemical position of the elements In the following arrangement each 
element is electronegative to those that follow and electropositive to those that 
precede it Cs+, Rb, Na, Li, Ba Sr, Ca, Mg A1 Cr, Mn, Zn, Ga, Fe, Co, Ni T1 
In, Pb Cd, Sn, Bi, Cu, H, Hg, Ag Sb, Te, Pd, Au, Ir, Rh, Pt, Os, Si, C, B, N, As 
Se, P, S, I, Br, Q, O, F — The order varies slightly according to the acid radical and 
according to dilution, but it is a good guide for experimental work 
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CHAPTER XIV 


THE ELECTROLYTIC ZINC PROCESS 

By Fredehick Laist,^ Russel B. Caples,^ and Guy T. Wever^ 

Definition. — IMetallic zinc is extracted from its ores hy two main methods, pyro- 
raetallurgical and h 3 ’'droelectrometallurgical. The older pjTometallurgical operation, 
commonly referred to as the “retort process,’^ depends on the reduction of zinc oxide 
to the metallic state by carbon. The hydroelectrometallurgical operation, com- 
monly referred to as the “electrol 3 ’’tic-zinc process,” is a much later development in 
wliicli roasted zinc ores are leached in dilute sulphuric acid and the zinc obtained in 
the metallic state by electrol 3 ^sis of the resulting solution. Zinc produced by this 
method is called “electrol 3 ^tic zinc” to distinguish it from the “retort zinc” produced 
b 3 " the retort process. 

The elect rob" tic-zinc process was originall 3 " confined to the complex lead-silver 
ores of zinc not well suited to the retort process. Further developments of the process 
have enabled it to be applied to almost an 3 " t 3 "pe of zinc ore. 

Many variations of the electrohdic process have been investigated, both as to the 
zinc salt to be electrolyzed and as to the method of preparing the solution, llie only 
successful large-scale operations have used dilute sulphuric acid leaching and elec- 
trol 3 "si 3 of the resulting zinc sulphate solution. This method is cyclic in that it uses 
the dilute sulphuric acid formed during the electrob^sis of zinc sulphate solution as 
the source of acid for leacliing additional material. The use of zinc chloride solution 
in the electrolytic-zinc process has never met with any outstanding success. The 
onb' commercial unit of this kind was the small plant of Brunner, Mond and Co., 
England, operated between 1896 and 1924, with a capacit 3 " of 5 to 10 long tons of zinc 
per da 3 ". Since that time no commercial plant has operated using zinc chloride 
solutions. Several companies have experimented with the electrolysis of fused zinc 
chloride; but this method has never been found satisfactory. 

History, — It has been known for more than 75 3 "ears that zinc could be deposited 
from its solutions b 3 ' electrob^sis, but no attempt was made to appb' this knowledge 
on a large scale as a method for producing zinc from its ores until about 1880. Proc- 
esses empIo 3 ing both zinc chloride and zinc sulphate solutions were tried from time 
to time without marked commercial success. In 1914, the Anaconda Copper Mining 
Co. at Anaconda, Mont., and the Consolidated Mining and Smelting Co. at Trail, 
B. C., began independent investigations of the process as a means of sohdng the 
problem of trcatu\g complex ores occurring in their respective districts. Both were 
sufhcicutb" successful to iustif 3 " the erection of small test plants which were rapidly 
enlarged as the war demand for high-grade zinc developed. Later, the Australian 
zinc producers were attracted b 3 " the successes of these companies and, after a thorough 
investigation of the process and of the results obtained, built a plant at Risdon, near 
Hobart, Tasmania, for the treatment of concentrate from the Broken Hill mines. 

The original plant of the Anaconda Copper Mining Co. at Anaconda, l^lont., 
was more of a pilot plant for the development of the procc.ss than a commercial unit, 

' Vieo-pros5tJcnt in ebarpe of Mctallurcical Opemtion*^, Anacotula Copper Mining Co., New York. 

* Manager. Great TaUs Reduction Department, Anaconda Copper Atining Co.. Grc.at Falls, Mont. 

» Superintendent of Itjdiura and Rare Metals Department. Great Falb Zinc Plant, Anaconda Copper 
Mining Co.. Great Falls. Alont. 
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but before dismantlement it v,(is producing more than 25 tons of zinc per day A 
plant having a capacitj of 100 tons per day was constructed at Great Falls Mont, 
ui 1916 The Great Falls plant was located near the source of power, because it was 
more economical to transport the materials to be treated than to transmit the power 
Shortly after the Great FaUs plant started operations, the pilot plant at Anaconda 
was abandoned The capacity of the Great Falls plant has been steadily increased 
until at the present time it is capable of producing more than 300 tons of slab zme per 
day The demand for zme was such that a plant with a capacity of 160 tons per day 
was built at Anaconda early m 1928 This plant has also been enlarged m recent 
years 

The ongmal CO-ton plant of the Consolidated Mining and Smelting Co at Trad, 
B C , has been enlarged until it i3 now one of the largest producers of zinc m the 
world 

The Amalgamated Zinc Co first operated a small test plant at Bully Hill, C&lif , 
the material treated being concentrate shipped from Austraba This work was the 
liasis for the construction of a lO-ton unit at Risdon, by the Electrolytic Zme Co of 
Australia After a year or so of operating this plant, Jt w as decided to abandon it 
and construct a lOO-ton plant The Risdon plant la now ranked among the larger 
zme producers 

Tliese companies were the pioneers m the successful commercial appbeation of tht, 
electrolytic zme process, and all use the same basic process These plants have found 
that, for the electrolysis of zinc sulphate solution a normal current density of 30 to 
40 amp persq ft of cathode surface is the most satisfactory for their particular needs 
This IS considered a low current-density operation 

After these plants had demonstrated the commercial success of the process over a 
period of 10 years, many new plants were built in widely scattered parts of the world 
Most of these plants employ processes closely resembling those developed m the 
pioneer plants 

The SuUivan Mmmg Co operates a plant of considerable capacity near Kellogg 
Idaho ‘ The outstanding feature of this plant is that it uses the Tainton high-density 
high acid process Shortly after this plant was completed, the Evans-W aUower 
plant, at East St Louis III , was built This plant, also usmg the Taintoo process 
was operated for only a short time In 1940 it was rebuilt by the American Zme Co 
for a low-acid low density process as m general use elsewhere 

The early attempts to use sulphuric acid leaching were failures mainly because 
the expenraenters failed to realize that a very high punty of solution was necessary 
for the successful electrolysis of zme sulphate solution Once this fact was recognized, 
and suitable methods of purification were developed, the ultimate success of the 
electroIytic-zinc process was assured Many important details remamed to be worked 
out, but the fact that with a sufficiently pure solution, zinc could be successfuSl 
deposited from an acid solution gave the process enough promise to justify the expense 
of developing the necessary methods 

Most electrolytic zinc plants follow the same basic methods, but are highly 
rndmdualistic m their appbcations of the process The problems encountered by 

* This plant is often referred to as tte Silver King plant because of its situation. The original 
plant was described by 0 C Tainton and E T Leyson in Vol 70 Train AJME p 488 1924 J® 
Vol 12l p 527 1936 "W G Woolf and E 11 Crutcher bnng the information eonoennng this plant 
tip to that date There have been various bigh-denaity plants built here and abroad smce the origins' 
Sullivan inatallatJon one of the most recent being that at Corpus Chtiati Tex which haa been well 
covered by G H Cunningham and Alien C Jephson in Vob 159 Tram AIMS p 199 1944 W 
detailed information on the high-density rmo process is desired the reader is referred to these art clea 
andtotheEnp ATining Jew Vol 145 No 9 pp 64 72 1938 — Editob. 
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each plant are so different from those of any other plant that there remains no ^‘stand- 
ard’* practice that might be used as a basis for comparison. 

Application of the Process.— The original idea in developing the electrolytic-zinc 
process was to provide a method for the treatment of complex zinc ores. Those ores 
were mainly lead-zinc-silver ores, most of which also contained some copper and iron 
and produced a concentrate rather low in zinc content — 30 to 40 per cent. These 
concentrates were not well suited to the retort process. There is now no doubt of 
the superiority of the electrolytic process for the treatment of ores of this class where 
power is available at a comparatively low rate. Higher recoveries of all metals 
present and lower operating costs per pound of zinc are the two main advantages of 
this process. 

The concentrates originally treated at Anaconda and Great Falls contained less 
than 35 per cent zinc and about 15 per cent iron. Improvements in concentration 
practice since that time have made possible the separation of zinc and lead in many 
ores of this class, with the production of a much higher grade zinc concentrate. This 
higher grade concentrate contains much less lead, iron, and silver than formerly 
encountered and has proved particularly adaptable to the electrolytic process. 

One essential requirement of the electrolytic process is a large source of power, 
the cheaper tlie better. Most of the large electrolytic-zinc plants have been located 
close to the source of comparatively cheap water power. Power is the largest single 
item of cost in the operation, and it is necessary to obtain the lowest rate possible. 
The lower the rate of power, the wider the range of ores that can be economically 
treated. It is not vitally necessary that water power be available, as cheap power 
can be generated from coal in some localities and then transmitted to the source of 
ore siipply. The saving of freight on both ore and coal can then be applied as a credit 
to the cost of producing power. The amount of coal and coke required by a retort 
plant using coal for fuel is just about sufficient to produce the power required for an 
electrolytic plant of the same capacity. Within reasonable distances, it is cheaper 
to generate power at the source of fuel and transport it to the ore supply, than it is 
to ship the coal. Water power is in most cases cheaper than power generated from 
coal, but usually it must be developed in large units to be economical. It may be 
that some possible sources of water power, not now utilized because of the lack of 
sufficient demand ncarbj', may eventually be developed for the location of electrolytic- 
zinc plants. The total requirement for a plant producing 100 tons of electrolytic 
zinc per day is about 20,000 hp. 

From the standpoint of labor requirements and working conditions, the elcc- 
trol 5 i.ic process compares favorably with the best of the industrial plants. For the 
production of 100 tons of zinc per day from a concentrate containing 55 per cent zinc, 
less than 200 men are required. A large number of these are comparatively unskilled 
labor, A high class of labor is attracted, making for a steady and dependable supply 
of labor of more than average efficienc}'. 

The cost of construction of an electrolj'tic-zinc plant is necessarib^ high, owing to 
the large amount of copper, lead, and aluminum required for bus-bar lines, electrodes, 
electrode support bars, solution piping, acidproof pumps, and other acidproof equip- 
ment. Tlie high salvage value of an electrobdic-zinc plant offsets the heavy first 
cost. The cost of buildings for an electrolytic-zinc plant need be no more than for a 
retort plant of like capacity. The difference in cost between the two is mainly for the 
equipment contained in the buildings. When the high salvage value of an electrolytic 
plant is credited to the cost of constniction. the ultimate difference in cost between 
it and a retort plant Avill be little, if any, in favor of the retort plant. 

The normal production of a high-purity zinc is a large factor in favor of an elec- 
trolylic-zine plant. Zinc of high purity usually commands some premium over the 
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lower grades It is possible for an electrolytic plant to fumisK 2 inc of any specified 
analysis, varying either the cadmium or lead content to suit the customer Any 
grade up to the ‘ electrolytic” grade w ith a purity of 99 99+ per cent can be produced 
In fact It 13 quite common for an electrolytic plant to produce all its cathode me with 
a high degree of purity and to debase a portion w ith cadmium or lead durmg melting 
and casting, m order to meet customers’ specifications 

The high recovery of metals other than zme by the electrolytic process, and the 
comparatively small amount of residue produced, will, in some cases, result in the 
production of a residue of sufficient value to pay the cost of treatment A high 
TECOverj of lead from elcctrolytic-pIant residue may be obtained at moderate cost, 
and with some ores the credit from residue may amount to a large item m favor of 
the electrolj tic process 

Combinations of circumstances are possible that will eliminate either the elec- 
trolytic or the retort process from consideration for the treatment of any class of ores 
m any locality so both processes should be thoroughly investigated 

The large amount of soluble silica in carbonate and sdicate ores ls decidedly detri- 
mental to the elcctroiytic-zinc process, making the separation of residue and solution 
a difficult problem This problem has been successfully met bj the plant of the Rho- 
desia Broken Hill Development Co , Broken Hill, h.orthern Rhodesia This plant 
produces zme by the electrolytic process from ore containing 25 per cent zinc in the 
form of silicate The outstandmg feature of the process used is the conditioning of 
the leach pulp, by careful control of temperature and acidity, to convert the gelled 
sdicic acid mto the granular form 

There arc isolated instances in which certam impurities, such as arsenic, antimony, 
cobalt, nickel, and germanium, occur m such amounts as to add greatly to the cost of 
solution purification in the electfolytic-zinc process These classes of ores can be 
more economically treated by the retort process 

The electrolytic process is particularly suited to the treatment of concentrates 
produced by the flotation method The smaller the particle Size of the concentrate 
to be roasted, the low er the temperature necessary to eliminate the sulphur content 
Also, finely ground calcine is essential for the satisfactory leaching of roasted con- 
centrate A large proportion of zme concentrate non produced is flotation concen- 
trate, especially smee the general apphcation of selective flotation, to ores containing 
both zme and lead 

Outline of the Process — An arbitrary division of the electrolytie-zinc process 
groups the necessary operations under three divisions (1) the preparation of ore or 
concentrate for leaching, (2) the treatment of roasted ore or concentrate to produce 
a pure solution of the zme salt to be electrolyzed, and (3) the electrolysis of the pure 
solution to produce metallic zme and to regenerate the leachmg solution 

Pret^aration of Concentcata f/nc Laadban.'^ — Owivia'TAKwta't sulpludc 

must he roasted to convert the zinc sulphide present mto zme oxide or zinc sulphate 
Zme sulphide is insoluble m the leaching solution, whde zinc oxide or zinc sulphate w 
readdy soluble The conditions under which roasting is earned on also control to 
some extent the solubility of uon, copper, and silver in the leachmg solution Roast- 
ing IS one of the most important steps m the electrolj tic process, especially w hen Icach 
mg with dilute sulphuric acid, as the possible recovery is greatly dependent upon 
how well this step is performed Several methods of preparing the concentrate, 
other than roasting, have been proposed None of these is commercially feasible 
at the present time 

Production of Pure Zinc Solution —Dilute sulphuric acid is the onij solvent used 
m the leachmg of roasted ore or concentrate for the commercial production of elec- 
trolytic zme Not onlj zme but many other elements, if present in the roasted 
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material, are dissolved by dilute sulphuric acid, iMost of these elements must be 
removed from solution to ensure successful electrolysis. The production of a pure 
solution is really a combination of several steps: leaching to dissolve zinc, separation 
of solution and insoluble residue, purification of solution, and clarification of solution. 
This combination is of basic importance to the process as, given perfect roasting, the 
recovery of zinc is dependent on proper leaching and filtration, and the successful 
electrolysis of zinc sulphate solution is dependent on proper purification of solution. 

Electrolysis of Solution* — ^The only successful commercial method so far developed 
for the production of metallic zinc from zinc sulphate solution is by electrolysis. 
Purity of solution is the essential factor. Probably no other process operating on 
such a large scale requires the same degree of purity. Other factors influencing 
electrolysis are the tempcJ'ature of the electrolyte, current density, ratio of acid to 
zinc in the electrolj^te, period of deposition, and purity of electrodes. Lead or lead- 
allo}^ anodes and aluminuiu cathodes are used. The current applied varies from 30 
to 100 amp. per sq. ft. of cathode surface. Purified zinc sulphate solution is fed to the 
electrolyzing cells where, by the application of an electrical current, zinc is deposited 
as a metal on the cathode* Por each unit of zinc deposited, approximately one and 
one-half units of acid are regenerated. The efficiency of this reaction decreases 
rapidly as tlie ratio of acid to zinc increases. For this reason no attempt is usuallj'^ 
made to remove more than about 75 per cent of the zinc in solution. The spent 
electrolyte, containing about 25 per cent of the original zinc and the acid regenerated 
during electrolysis, is returned to the leaching division to be used for further leaching 
of roasted concentrates. The zinc deposited during electrolysis is removed at the 
end of regular periods and is melted and cast into slabs. 

Zinc is electronegative to hydrogen, and it would be expected that zinc could not 
be deposited from an acidified solution of zinc sulphate. The hydrogen overvoltage 
on zinc, however, is liigh enough so that zinc plates out in preference to h3’^drogcn. 
Some hj^drogen is always evolved, especially with the higher current densities. 

The simple chemical reactions involved in the roasting, leaching, and electrolysis 
of zinc are as follows: 


llonsting: 

Leaching: 

Elcctrol^'sis: 


2ZnS + 302 = 2ZnO + 2SO2 
2ZnO + 2SO2 -b O2 - 2ZnS04 

ZnO + II2SO4 - ZnS04 + JhO 
ZnS04 + HsO + direct current = Zn -f HsS04 + HOt 


In addition to the dhdsions of the process as outlined, there might be added a 
fourth, treatment of the residue. Tlie olectrolj’tic-zinc process is particular!}' appli- 
cable to the treatment of the complex ores of the \ycstcm states, and there are in nearly 
cverjy instance sufficient values in the residue to warrant their recover}’'. 

The great variety of ores to which the process is applicable results in the produc- 
tion of several classes of residue. Each class of residue requires it.s own inetlioci of 
treatment to produce the greatest possible return. Lead smelting, copper smelting, 
wet metliods, or a combination of methods, may be necessary depending on the cla.ss 
of residue produced. 


PREPARATION OE CONCENTRATES FOR LEACHING 

Roasting. — The main object of roasting for the elect roly tic- zinc process is to 
obtain tlie maximum percentage of zinc that will be readily soluble in the leaching 
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solution Zinc sulphide is practically insoluble m dilute sulphunc acid at ordinary 
temperatures Zinc oxide is readily soluble m dilute sulphuric acid, and zmc sulphate 
IS soluble in water Roasting is done, therefore, to convert the zmc sulphide m the 
unroasted concentrate as completelv as possible into zinc oxide and zinc sulphate 
Only enough zinc sulphate to supply the acid requirements of the plant is normally 
desirable as any excess must eventually be discarded The acid requirements of a 
plant of this kmd are usually small The only acid losses are as insoluble sulphates 
and solution losses The higher the lime and lead content of the concentrate, the 
greater will be the loss as insoluble sulphates The chief loss of solution is as entrained 
moisture m the residue Usually a zinc sulphate formation of 2 to 3 per cent sulphate 
sulphur m the calcine is suflicient to supply all acid losses A greater amount of 
zmc sulphate than necessary tends to build up zmc and acid m the sj stem A higher 
concentration of zinc in the solution results in a greater loss of zmc in the residue and 
increases the difficulties of settlement and filtration 

Roastmg Furnace — Most electrolytic- zmc plants use some modificat on of the 
Wedge furnace for the roastmg of zmc concentrates The Wedge furnace is a circular 
inultiple-hearth furnace of the McDougall tjpc Nearly every cIectrolyliC“Zini. 
plant using this furnace has developed some modification m design, until at the 
present time, as far as the electrolytic zmc industry is concerned, there exists no 
standard form Figure 1 show s the form of Wedge furnace from v hieb these jnodifi 
i^atioQs were derived 

Ihe type of W edge furnace used by the Anaconda Copper Mining Co at its Great 
Falls and Anaconda plants is 25 ft in diameter It has seven superimposed roasting 
hearths plus a top hearth for drying the feed A 5-ft -diameter hollow steel bricl. 
lined rcvolvmg center shaft carries 26 cast-iron arms, four for each of the drier and 
first hearths, and three for each of the remaining six hearths All the arms except 
those on the drier hearth are cooled with water delivered to the arms through a 
system of piping mside the center shaft The center shaft is supported on a step 
bearing and, complete with bricks, arms piping etc , weighs approximately 50 tons 
The speed of the center shaft vanes m mdixidual furnaces from one resolution m 
4 mm to one revolution m 2 mm The drivmg mechanism consists of a set of reducing 
gears powered by a 15-hp 555-r p m electric motor The furnaces are fired with 
natural gas, usually by tw o burners on the se\ enth or bottom hearth, spaced 180 deg 
apart When additional heat is desired m other parts of the furnace, portable burners 
are set up m the furnace doors 

The concentrate to be roasted is fed by an apron feeder driven from the revoUmg 
center shaft It is discharged from the feeder onto the outer edge of the drier hearth 
and advanced across the hearth by means of rabbles or rakes fastened to the furnace 
arms llTien the material reaches the inside of the drier hearth, it falls through holes 
to the next hearth below the fi^at cnastm^ bAaxtb. Tb^ cokfis. an. thA tahhle arms of 
the hearth are set to move the material outward, when it reaches the outer edge 
of this hearth, it falls through drop holes onto the next hearth, and so on down through 
the furnace The roasted material, commonly called calcme, is discharged from the 
sev enth, or lowest, hearth mto two steel hoppers provided as a temporary storage 
for calcme These hoppers discharge mto cars for lemoving the calcme 

The gases produced by the roastmg process pass upward through the furnace 
countercurrent to the material bemg treated From the first roasting hearth, the 
gases arc passed into offtake flues that lead to the mam gas flue The roastmg of 
flotation or fine table concentrates in this type of furnace is productive of a large 
amount of flue dust which must be collected and returned to the furnaces for further 
tmatment A part of the dust settles out m the flues adjacent to the furnaces These 
flues are hoppered to facilitate removal of this dust, which is ordmarilv returned to 
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the furnace where it was produced. A large portion of the dust, however, is collected 
very efficiently by a Cottrell precipitator and is fed to a furnace operating on flue 



Pig. 1. — Wedge furnace. 


dust alone. This method of handling the flue dust is much more satisfactorj- tlian 
.ntteiuptiiig to tre.at a proportional amount of dust through each individual furnace.* 
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The materials to be treated are flotation or fine table concentrates, over 50 per cent 
of which will pass a 200-mesh screen The calcine product from the roastmg furnaces 
contains a certain amount of oversize material that is screened out, crushed, ground, 
and retur icd to the furnaces for further treatment Dust collected from the furnace 
flues 13 also re-treatwl through the furnaces These last two materials contain an 
appreciable amount of unroasted matter which must be further oxidized before they 
are suitable for leaching purposes 

The amount of flue dust carried away from a furnace during roasting depends m 
large part on the fineness of the concentrate and on the volume and Velocity of the 
flue gases The amount of dust that can be earned by a gas of given volume depends 
mainly on the velocity of the gas stream A reduction in velocity of a given volume 
results in an even greater reduction in the maximum load of dust that can be earned 
by that gn en volume of gas In order to keep down the amount of flue dust produced 
by the furnace it is necessar j to keep the gas volume and velocity a a low as possible by 
carefully regulatmg the door openings on each hearth to give only the amount of 
aur necessary for roasting and for cooling the upper hearths Ordmanly the Wedge 
furnace has but two gas offtake flues The addition of one or more offtakes loweis 
tbe velocity of the gases very materially and allows more air to be admitted to the 
furnace w ithout increasing the amount of flue dust produced If a large portion of 
the dust collected from the flues is returned to one furnace (or more if necessary) and 
the gas r olumo on this furnace is hold as low as possible, the amount of dust recircu 
lated maj be kept at a ninimum 

The capacity of this type of furnace vanes widely with the class of material treated 
The amount of lead contamed m the concentrate has a large effect on the amount that 
can bo treated The capacity of a furnace is greater for high zme concentrate con- 
tainmg relatively low lead values than for a lower grade high lead concentrate The 
limiting factor for low-zmc complex concentrates is the ability to cool the upper 
hearths w ithout undue production of flue dust In general the higher the zme con 
tent of the concentrate the higher the roasting temperature required The normal 
limits w hen roasting a high grade zme concentrate are 40 to 60 tons of new feed per 
24 hr 

Lump coal pulverized coal ml and gas liave all been used as fuel in these furnaces 
Gas IS by far the most satisfactory A large part of the ash from pulv erized coal settles 
in the furnace and flue system and eventually finds its way out m the calcme Then 
it adds to all subsequent operating costs, such as leaching filtration, and residue treat- 
ment Fuel requirements v ary with the class of concentrate bemg roasted When 
usmg pulverized coal contammg a heat value of 10,000 B t u , the observed limits are 
from 7 to 18 per cent of the weight of concentrate Oil reouiremcnts are about 
20 per cent less than coal on a heat-unit basis of comparison Gas requirements vary 
Srom 3300 to 3500 cti It a[ 1000 S f a gas per ton of concentrate 

The electroliftic-zmc plant of the Consolidated Mining and Smelting Co of 
Canada, at Trail, B C , has developed a burning concentrate process” of roastmg 
zinc concentrates This method also known as "flash, roasting ” under some coo 
ditions has decided advantages over the conventional method The ongmal roasting 
practice at Trail employed standard V, edge furnaces Eight of these furnaces were 
converted to flash roastmg by removing the second, third, fourth, and fifth hearths 
from each furnace to form a combusxion chamber 

The top or drier hearth is covered and along with the regular first hearth, is used 
to dry completely the wet concentrate feed Some gas from the combustion chamber 
IS by passed through this chamber to aid m the drymg process The wet concentrate 
u fed at a controlled rate to the drier hearth through a closed cliute After being 
thoroughly dried w hile passing o\ er the two drier hearths, the material is then dehvered 
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to a ball mill situated near the furnace. The ball mill pulverizes all lumps formed 
during the drying process. The discharge from the ball mill is then elevated to storage 
hoppers over each furnace. 

The material at this point is fine, dry, and at about 95®C. It is fed from the stor- 
age hoppers by air injectors which deliver it to the burner. At the burner it is mixed 
with air supplied by a fan and is blown into the top of the combustion chamber of the 
furnace. The material ignites immediateh’- upon entering the furnace, and in burning 
maintains a temperature between 900 and 950°C, in the combustion chamber. No 
external heat is needed to maintain the roasting temperature, as all heat is supplied 
by the burning concentrate itself. The temperature of the combustion chamber is 
maintained between very close limits by carefully controlling the ratio of concentrate 
to air. 

About 40 per cent of the material introduced into the combustion chamber is 
carried out of the furnace with the flue gases. The hot dust and flue gases pass 
through waste-heat boilers where approximately 1.1 lb. of steam is generated for each 
pound of concentrate treated. The gases pass from the boilers into cjxlone collectors 
where most of the dust is removed. The remaining dust is then removed by passing 
the gas stream through a Cottrell precipitator. 

The material settling to the bottom of the combustion chamber of the furnace, 
comprising about 60 per cent of the total, is rabbled across two collecting hearths at 
the bottom of the furnace. There the remaining sulphide is oxidized, and the finished 
calcine is then carried to a calcine storage by means of conveyers. The collecting 
chamber can, if necessary, be used as a sulphating chamber by the introduction of a 
strong atmosphere of sulphur dioxide. Under normal operating conditions, the cal- 
cine from the flash-roasting furnaces at Trail assaj^s, on the average, about 0.3 per 
cent sulphide sulphur and 0.4 per cent sulphate sulphur. 

The capacities of the suspension-type roasters at Trail have been increased by the 
introduction of oxygen into the furnace during roasting. The oxygen is obtained 
as a b 3 ’'-product from an ammonia plant. 

The zinc roasters of the Gicsche Spolka Akcyzna, Poland, have been changed 
over to suspension roasting. No heat recovery has been attempted, and the roaster 
gases are taken off the top of the furnace. It was found necessary to grind the flota- 
tion concentrates to obtain thorough roasting. 

The advantages of this method of roasting are: more than doubling the furnace 
capacity, saving in cost of fuel, and production of gas rich enough in sulphur dioxide 
or acid manufacture. The disadvantages arc: production of a much greater 
percentage of flue dust, higher gas temperatures, and the drying and grinding of 
coucculratc. 

The advantages outweigh the disadvantages heavily where fuel is expensive and 
acid is to be produced from the flue gases. Also, where large quantities of steam can 
be utilized, the waste-heat boilers are a decided advantage. By proper control of the 
air supplied to the furnace, fusion of the roasted particles is avoided and the resulting 
calcine can be leached without difficulty. 

The Flin Flon plant of the Hudson Bay IVlining and Smelting Co. uses modified 
■\Vedge-type roasters operating on the split-draft^' process. This type of furnace is 
equipped with gas offtake flues on both the first and seventh hearths. Under normal 
operating conditions, the draft splits at the third or fourth hearth, with about one- 
fourth the gas leavii^g the furnace from the first hearth. By regulating the amount 
of g.as drawn from the upper or lower offtakes, the location of the heat zone in the 
furnace can be controlled. The amount of concentrate fed to the furnace is so reg\i- 
latcd that the heal of combustion of the concentrate is enough to maintain roasting 
temperature. \Miile no external heat is used for normal operation, several stand-by 
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burners using pulverized coal are installed on each furnace to be used in case of 
necessity and for heating the furnaces "a hen stnrtuig up after a shutdown period 
The electrolytic plants at Ordzhonikidze and Cbeltabinsk, U S S H , each have 6« 
25-ft -diameter roasters designed to operate on the split-draft principle The split- 
draft process permits the heat of combustion to he used under full control and ehmw 



The Electrol} tic Zinc Co of Australasia at Ilisdon Tasmania, has a somewhat 
different roasting practice from most other zinc plants The material dehvcred to 
the Risdon plant 19 not raw concentrate but has been preroasted before shipment 
This material when delivered contains about 7 per cent sulphur with about 6 per cent 
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as sulphides. It is wetted before shipment with water relativelj^ high in chlorine and, 
being carried by ships, is also liable to accidental wetting with sea water. 

The furnaces are of Risdon design and are a modification of the Leggo furnace 
Tised for roasting arsenical pyrites. Each furnace has four superimposed hearths 
85 X 8 ft. Each hearth has a flue connecting to the main flue system. The furnace 
charge is fed on to the top hearth through a hole in the top, and from this hearth to 
the lower hearths through regulated openings. Each hearth is practically a separate 
furnace. The furnace is built on a slope of 1 : 12 and has 16 columns which carry the 
rabble arms for each hearth. The sweep of each rabble arm overlaps the sweep of the 
next in line, and by this means the material is carried the length of the furnace. Each 
furnace treats about 90 tons of charge per day, with a fuel consumption of 10 to 12 
per cent of the weight of the charge. The fuel used in the furnaces is slack coal burned 
on a traveling-grate stoker. 

The Formation of Ferrites. — ^The presence of iron in zinc sulphide ores causes the 
greatest loss in the electrolytic- zinc process. Under certain conditions, zinc oxide and 
iron oxide combine to form zinc ferrite, ZnO.FejOs, which is insoluble in warm dilute 
sulphuric acid. No successful commercial method has yet been developed to prevent 
the formation of some zinc ferrite during roasting, but its formation can be partially 
controlled by a careful regulation of roasting conditions. The formation of ferrites 
is dependent on the iron content of the concentrate, the association of the zinc and 
iron content, the temperature of roasting, and the length of the roasting period. 
Analysis of the concentrate will not alone serve as a means of predicting the amount 
of ferrite that will be formed. A concentrate with a relatively low iron content, 
with the zinc and iron closely associated, will tend to form more ferrites during 
roasting than a concentrate with a higher iron content, but with the iron and zinc in 
less intimate contact. 

Iron sulphide oxidizes at lower temperatures than zinc sulphide, and it is possible 
by careful control to make a preferential roast if the initial roasting temperature is 
kept below 600° C. The object is to prevent the simultaneous oxidation of iron and 
zinc as much as possible. Some zinc sulphide will always be roasted, however, even 
at low temperatures, with the subsequent formation of ferrites. If, however, the main 
bulk of the iron sulphide is roasted first, and the zinc sulphide later, the chances of 
combination are greatly reduced. When the particles of zinc and iron are very 
intimately mixed, as in marmatite, preferential or selective roasting is practically 
impossible and a high percentage of ferrite is bound to result. The general practice 
is to keep the temperature as low as possible throughout the furnace and, especial^’’, 
to keep the temperature on the first two or three roasting hearths below 600° C. As 
the iron content of a concentrate increases, the possibility of making a selective roast 
also increases. ]Most low-iron concentrates roast with complete combination of the 
iron and zinc as ferrite. Figure 2 gives data taken from roasting low-zinc high-iron 
concentrate. The data in Table 1 were obtained in the laboratory on samples from 
the same class of concentrate and show that the analysis cannot be depended upon to 
determine the amount of ferrite formation. 

Roasting Temperature. — Roasting depends almost entirely on the control of tem- 
perature and time. The length of the roasting period is set b^" the roaster speed and 
the design and position of the rakes on the rabble arms. AMiilc it is possible to change 
the speed of a furnace by a change of gearing, the speed is usually constant over long 
periods of time. A variation in rabbling time by a change in design and spacing ol 
rakes is also possible but, like the turning speed of the furnace, has no flexibility of 
control. Therefore, the control of roasting Is dependent on temperature, which is, 
in turn, controlled by the amount of fuel bvirned and the quantity of air admitted to 
the furnace. 
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Note — R oasts ijiade at low tomperatore — 650'C maximonv-^witli no attempt to eontrol EulphaW 
sulphur 


The maximum temperatures m toastmg for the electrolytic-zmc process mai be 
gu en as approximately 650“C for complex low -zinc concentrates, and TSO^C for high 
zuic concentrates In order to obtain speed in roasting, the temperature must he 
earned aa high as possible -Ritbout materially laivermg the solubility of the product 
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The initial temperature should be r\ ell under GOO'C for at least one roasting hearth 
This IS especially true for concentrates contaming appreciable amounts of lead and 
iron sulphides Lead sulphide fuses without roasting if the initial temperature is too 
high and forms a bard crust on the hearth under the rahes It may also coat the 
particles of zme sulphide and form lumps that will pass through the furnace without 
being roasted, these must be screened out of the calcine, crushed, ground, and returned 
to the furnace for additional roasting As the initial temperature mcreascs the lo^a 
of lead through the formation of fume also increases rapidly High initial tern* 
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peratures in the presence of iron sulphides are very conducive to the formation of zinc 
ferrites. 

With the initial temperature low, the temperature lower down in the furnace 
inust be increased to complete the roasting of zinc sulphide and to prevent the forma- 
tion of an excessive amount of zinc sulphate. This temperature must also be kept 



Fxo. 3. — Roasting high-grade concentrates in Wedge furnace, 

high enough to prevent any appreciable amount of sulphide sulphur being left in the 
calcine, as each unit of sulphide sulphur will hold approximately twice its weight of 
zinc as an insoluble compound. The temperature must not be raised too high, as an 
increase in temperature tends to increase the formation of zinc ferrites. Roasting 
then becomes a nice balance between the formation of ferrites and the amount of 
sulphide sulphur left in the ore. 
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Each concentrate treated is a problem m itself, and the heat roasting conditiOM 
muat be determmed b> actual practice 'ilie best conditions for roasting a eoncen- 
trate cannot be sntisfnctorib dctirmined on n small scale, but must be tried under the 
actual roasting conditions in the furnace J igiires 2 and 3 give temperatures from the 
operation of tvfo furnaces on idcly liitlerent classes of concentrate 
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Temperature regulation in the furnace is olitainetl hs aarjing the amount of air 
admitted into the furnace at difTerent points and also bj aarj ing the amount of fuel 
burned The Wedge roaster radiates onlj a small amount of the total heat inaohed 
in the process Some heat is conducted aaaV b> the cooling ^ater in the arms hut 
13 only a small part of the total Approximatclj SO per cent of the heat erolvcrt 
during the combustion of zinc sulphide r^capes uith the flue gases With the same 
rinc content, but with varying amounts of It id sulphide and iron sulphide, verj differ- 
ent heat problems u ill be presented Analj sis of two concentrates and the resulting 
calcmea taken from raonthly aa crages in actual practice arc given in Table 2 The 
difference of 4 per cent in sulphur content of ihesi concentrates ls due to the difference 
m iron content and must he cliramatcd on the upper hearths, requiring more cooling 
air for concentrate A If the lower part of the furnace 13 required to do too much 
roastmg, the larger volume of hot gases from the lower hearths lends to raise the 
temperature on the upper hearths and w ill require more cooling nir on these hearths 
Too much au* admitted to the hearths where sulphur 13 burn mg tends to r*ise the 
temperature still further It 13 essential to keep the aolume of gas as low as possible 
wi Viiu’iuwLi inacrtlns ‘d -proper control ol upper-hearth temperature la to he 
without too great a total gas volume Table 3 gites the temperatures ond SOi 
analysis, by volume, of the gas on the diCereUt hearths of a furnace roasting low ime 
concentrate with excellent results Pulverized coal was used for fuel 

Sulphate Roasting — The term "sulphate roastmg” as commonly used m connec 
tion with roasting for the production of clectrolj tic zinc is really a misnomer It 
not desuable to form more zinc sulphate than is required to offset the loss of acid in 
the leaching plant This term was coined to apply to the set of roasting conditions 
necessary to supply acid for a plant using limestone or milk, of lime for ncutral«*it®“ 
in the leaching division, thereby greatly mcreasmg the loss as insoluble sulphates m 
the residue In this process, unless suflicient acid was formed to offset this losSr 
was necessary to add fresh acid to the system The maximum amount of cjlpbate 
sulphur formed in practice was about 6 per cent of the weight of calcine Ordinary 
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roasting practice on the same class of material would give about 3 per cent sulphate 
sulphur. 

The chemical reactions involved in the formation of sulphate sulphur are debatable, 
as are all the reactions during the roasting process. In any case they are many and 
involved. 

The reaction ZnS + 20 ^ = ZnS04 is possible, but if occurring where the tempera- 
ture is high, it would immediately be broken down into zinc oxide with the formation 
of SO3. Whether zinc sulphate is formed according to the reaction ZnO + SO3 « 
ZnS 04 or by ZnO + SO2 + 0 = ZnS04 is not especially important. In either case 
the presence of iron as a catalyst is necessary to the reaction. Some ferrite, ZnO.- 
FcsOa, may also be decomposed, forming ZnS04, in the presence of a strong atmosphere 
of SO2. 

A furnace roasting for a certain amount of zinc sulphate in the calcine must be 
operated at a lower temperature, especially on the lower heartlis, than when roasting 
in the normal manner. A large amount of air must be admitted to the lower hearths, 
which gives a greater dust loss due to the increased gas volume. 

Behavior of Impurities in Roasting. — Varying percentages of arsenic and anti- 
mony arc eliminated in roasting zinc concentrates, as is illustrated in Table 1 . The 
amount eliminated probably depends on the form in which they occur in the concen- 
trate. Most zinc ores are quite low in these impurities, which is indeed fortunate 
as they arc among the most detrimental to the process. 

Some copper combines with iron during roasting, the combination being insoluble 
in dilute sulphuric acid. Concentrates containing high percentages of iron produce a 
smaller proportion of soluble copper than those low in iron. Some copper sulphate 
is formed on the upper hearths of the furnace, but is later decomposed by the higher 
temperature on the lower hearths. 

A large percentage of the lead content of the concentrate may be volatilized if the 
temperature of the upper hearths is too high. Too high a temperature in the furnace 
also ma3’’ cause the lead to fuse and coat a considerable portion of the unroasted sine 
sulphide, preventing further roasting of the coated particle. Some of the fused lead 
may also work into the hearth bed, forming a hard crust. 

One disadvantage of the stilphate roast is the high percentage of soluble iron in the 
calcine. This would indicate that some iron sulphate is formed in roasting. In 
roasting without the necessity of forming sulphates, the finishing temperature is high 
enough to break up the iron sulphate, and most of the iron in the calcine is then 
insoluble in the leaching solution. All iron that is dissolved in the leaching solution 
is finally' precipitated from solution as ferric In^’drate or basic sulphate and, when too 
much is present, will render the residue from the leaching plant practically impervious 
to the passage of wash water. 

Silver is rendered less soluble at low than at high temperatures; but when the 
initial roasting temperature is high, the silver is apt to be volatilized. 

Chlorine and fluorine, if present, are largely eliminated during roasting, as most 
chlorides and fluorides are volatile at the temperature of roasting. 

Notes on Roasting. — The bedding of calcine between the rakes and the brick 
hearths is found to contain a high percentage of zinc sulphate, especially on the second, 
third, and fourth hearths. This material becomes quite hard; the hardness increases 
witli the temperature of roasting. At frequent intervals the rakes are removed 
from a rabble arm, a plow is put on, and the crust is cut loose from the hearth. This 
crust is then removed through the furnace doors. If allowed to stand in the open, 
this crust will absorb moisture and disintegrate. Usuall}" this crust is cnished, 
ground, and returned to the furnace to be given additional roasting. In order to 
prevent the formation of hcavj' crusts, a laj^r of sand is spread over the brickwork 
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of the hearth before the furnace is started This sand is renewed at intervals of about 
two years thereafter 

Some lumps are always formed during roasting and should be removed from the 
calcme before delivery to the leaching plant If Pachuca tanks are to be used for 
leaching, the calcine must be screened through screens The ovcrsiie product 
usually contains enough sulphide sulphur to cause trouble m leaching, especially in 
cases where high acid strengths are used ItTien sulphide sulphur is present, a reduc- 
tion of iron in solution from the feme to ferrous slate may take place with an increase 
in the loss of sme m the residue The o\ ersue material screened from the calcme is 
crushed, ground and returned to the furnace for further treatment 

The hot calcine from the roasters must be cooled in order to prevent injury to 
employees and to lessen the hazards from fire In the Anaconda plants the processes 
of coolmg and screening are earned out together The hot calcme from the roasting 
furnace is con% eyed by lairy cars to bins above the coolers These coolers are hon 
zontal rotating cylinders, Imed with a large number of pipes Cooling water is cir 
culated through the pipes, and the calcme is cooled durmg passage through the 
cylinders The calcine ■when reaching the discharge end of each cooler is passed over a 
trommel screen rotated by the cooler The undersize material drops through 
the screen into storage bins directly beneath The oversize falls into a screen con 
veyer where it is carried to a vibratuig screen, where further classification is made 
The large lumps that will not pass through a ^^-in screen arc collected, crushed, 
ground m a ball mdl, and returned to the roasters The lumps that pass a in 
screen but not a Ji m screen are ground m a ball mill, without crushing, and also 
returned to the roasters The material passing through the Ji^-m screen is regular 
calcme and is suitable for deliverj to the leaching plant 

PRODUCTION OF A PURE ZINC SOLUTION 
Classificahon of Operations — The operations necessary for the production of a 
pure zinc solution from roasted zinc concentrates fall into two main types leaching 
and purification TheoreticaUj , leaching should he concerned only With the dissolving 
of zme oxide and sulphate but, from the economic slandpomt, it must also mclude 
the treatment of zinc ferntes and other difficultly soluble compounds A leaching 
process strenuous enough to dissolve certain zme compounds may take other elements 
into solution, thus making the puniication process much more complicated The 
purification processes, under these conditions, fall into three mam classifications feme 
hydroxide purifications zine^ust precipitations, and special chemical purifications 
Chemically, the leaching and punijing processes are separate and distmct, but 
in commercml practice they are sometimes so interwoven that divusion is difficult 
Much of the actual purification of solution takes place m the leacbmg tanks The 
dissolving of zinc oxide, for example, is often simnllaneous with the removal of certain 
impurities by feme hydroxide m a single neutral leach 

Equipment —Standard types of leachmg, settling, filtration, and clarification 
equipment have been adapted to the needs of the process, thereby simphfymg the 
mechanical problems Pachuca tanks are generally used for leachmg the size depend 
mg on the needs of the plant standard thickeners are used for thickening of p«lp 
standard contmuous vacuum filters are employed for filtration of the thickened pulp 
any type of mechanical agitator of large capacity will answer for zinc-dust punfi 
cation, and standard pressure filters are used for clarification of solution All equip- 
ment should be constructed of matenala not attacked b> acid or by copper in solution 
Lead and wood are commonly used for the construction of parts in contact with acid 
and lead, copper, or bronze for parts in contact with neutral solutions contaming cop- 
per The recent dev elopments in alloys have produced matenaU that are rapidly 
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being adopted by the electrolytic-zinc industry* A further increase in the use of these 
materials can be expected as their production is increased and their applications are 
proved. 

The use of materials that are resistant to corrosion requires considerable extra 
capital outlay over the cost of similar equipment of iron and steel. This is largely 
oflfset by the high salvage or scrap value that can be credited against the heavy first 
cost of construction. ^ 

The Pachuca tank is especially well adapted to the continuous leaching practice 
that has been adopted by the larger plants. The Pachuca tank operates on the same 
principle as the common air lift. Pulp is circulated and agitated by means of an air 
lift placed centrally in the tank, the pulp entering the lift at the bottom of the tank and 
being discharged at the top. The common size of tank is 8 to 10 ft. in diameter and 
20 to 30 ft. deep. An inverted cone built into the bottom of the tank serves to 
deflect solid particles to the center so that they will be drawn into the air lift. The 
tank and air lift are made of wood, and the tank staves are bound together with iron 
hoops covered with sheet lead. An extra lining of wood inside the tank serves as a 
protection to the tank staves and can be easily renewed when necessary* This adds 
materially to the over-all life of the tank proper. Figure 4 shows the usual form of a 
Pachuca tank, with the method of supporting the central air lift and of admitting the 
air to the lift. 

Compressed air at 20 to 30 lb. pressure is employed for agitation of the pulp. The 
consumption of air ranges from 100 to 150 cu. ft. of free air per tank per minute in 
order to maintain sufficiently violent agitation to prevent classification of the pulp. 
Even then some classification takes place, and over a long period of time the tank 
begins to build up in solid particles too heavy to be moved by normal agitation. It 
is advisable that the air supply to the tanks be also connected to a source of air under 
80 to 90 lb. pressure. Then, when a tank begins to load up in the bottom with heavy 
material, a short period of more violent agitation ^Yill usually clear it. 

The tanks in continuous-leaching practice are in series with connecting launders 
at the top of the tanks. The rate of flow through the scries of tanks may be regulated 
hy partially closing the connections between tanks. The number of tanks in series 
depends on the volume of pulp to be handled per unit of time and the length of time 
required to complete the reactions. 

Tlie leached pulp going to the neutral thickeners sometimes contains such a large 
amount of coarse material or ‘^sand^’ that, unless removed, it would cause trouble 
with the thickener mechanism. If this is the case, the pulp is first passed through 
some type of classifier or sand trap and the coarse particles are removed. The trapped 
“sand” is then either added to the thickener underflow or given special treatment. 

Standard thickeners are used for the separation of solution and solids. These 
are much the same t^^pe as those used in cyanide practice; but more slope and a larger 
discharge cone for the thickened pulp should be provided, especially for thickeners 
handling an acid product. The tanks are made of wood staves held together with iron 
hoops covered with sheet lead* The bottoms of the thickeners are often made of 
concrete poured over sand on a wooden floor. Overflow launders are made of wood. 
They may be lined cither with brick or with a thin layer of wood that can be easily 
replaced when worn. Launders for use with acid-bearing solutions arc often fined 
with sheet lead. 

The drums or forms of the continuous vacuum filters used are made of wood or 
bronze, and the tanks arc of either vrood or steel udth a lead lining. All pipes and 
fittings are of copper or bronze. For the filtration of a slightly acid pulp, the best 
filter cover yet developed is a pure unwashed wool blanket, placed so that the nap is 
on the outside of the filter. Such a cover will not ^^bliiid” easily, as the threads do 
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Fig. 4 — Pachuca tank for zinc leaching 
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not swell when soaked in dilute acid. Also the nap acts as an automatic valve, closing 
when under suction and opening and freeing the cloth when under pressure. The 
natural oil in the wool protects the fiber against attack of dilute sulphuric acid. The 
dry vacuum system is used, and the solution receiver is made of either wood or bronze. 
To prevent vapor or spray from getting into the vacuum pumps and corroding valves 
and cylinders, receivers and traps should be of extra-large capacity. 

Mechanical agitators with bronze or wood shafts and impellers are used for zinc- 
dust purification of solution. Plate-and-frame filter presses of bronze are generally 
used for clarifying the solution. Zinc sulphate solution, even when free of copper, 
will cause iron plates to corrode quickly, thereby plugging solution passages* All 
pumps and solution lines for handling neutral solutions containing any copper are 
made of bronze, copper, or stainless steel. Lead or stainless steel pumps are used for 
acid solutions, while wood or lead lines are used for conveying the solution. 

Leaching. — The primary object of leaching is to dissolve all zinc oxide and zinc 
sulphate contained in the roasted concentrate in dilute sulphuric acid according to 
the reaction of ZnO + H2SO4 == ZnS04 + H2O. Unfortunately, some iron, arsenic, 
antimony, silica, alumina, copper, cadmium, cobalt, germanium, and a few other 
elements are also dissolved and must be removed from solution before successful 
electrolysis can be carried out. It is necessary to neutralize completely all sulphuric 
acid to ensure the removal of most of these impurities. This may be done as a con- 
tinuation of the leaching operation by the addition of finely ground limestone or milk 
of lime. This constitutes what is known as “single'* leaching. It is not possible to 
neutralize exactly all free sulphuric acid and precipitate the necessary impurities 
by the addition of calcine. Excess calcine is required to complete the reactions, 
resulting in a serious loss of zinc in the residue and undissolved zinc oxide. In order 
to allow the use of calcine for neutralization and precipitation of impurities, without 
impairment of zinc recovery, a leaching system is employed whereby the residue from 
the first or neutralizing leach is treated with an excess of dilute sulphuric acid to dis- 
solve all acid-soluble zinc. This system of leaching is known as “double" leaching. 

‘^Single" leaching may be conducted as cither a continuous or intermittent opera- 
tion, but is more easily controlled if the intermittent or “batch" system is used. 
Calcine is added to regenerated acid from the electrolyzing cells until the acid strength 
is reduced to as low a figure as possible without impairing the satisfactory recovcr3^ of 
zinc — 0.3 to 0.5 per cent H2SO4. Limestone, fineU^ ground, or milk of lime is then 
added in sufficient amounts to neutralize the remaining acid. Enough excess must 
be added to precipitate all the iron, silica, alumina, arsenic, and antimony present and 
to coagulate the pulp so that good settlement of the residue and a clear thickener over- 
flow is obtained. A great deal of care must be taken by the operator in the single 
leaching S3’'stem in order to get a satisfactory extraction of zinc. Only enough calcine 
should be added to bring the acid strength down to the desired point after a long 
period of agitation, as any excess over this amount vUl result in a loss of zinc. Milk 
of lime and, to a less degree, limestone will precipitate zinc from a neutral zinc sulphate 
solution, causing some loss of zinc. All the acid neutralized hy limestone or milk of 
lime must be replaced either by the addition of fresh acid or by increasing the amount 
of zinc sulphate formed during roasting. The calcium sulphate formed by the use of 
limestone or milk of lime increases the bulk and moisture content of the residue. 
These materials when used are also quite an additional expense in the siippl}^ account. 
Xormallj', the only justification for the use of single leaching with dilute sulphuric 
acid is the sa\'ing in the cost of plant and in the operating cost. Only a single set of 
tanks and tliickcncrs, with the neccssarj^ auxiliary equipment such as classifiers, 
pumps, ctc.j is required for the application of this method of leaching. A plant 
producing only a small daily tonnage of zinc, requiring a small volume of solution, 
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of lime la used to fiiush neutrah*ing the last of the acid, but a reacidification process 
13 employed The 6rst portion of calcine 13 leached at a mmununi of 4 to 6 per rent 
acid The reiaairnng acid la then neutralized with small portions of calcine accurately 
measured The leach is then reacidified to 2 to 3 per cent acid by the addition of 
more acid Calcine is again added in small amounts Any excess over the amount 
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necessary to neutralize the acid and to precipitate nearly all the iron is avoided. This 
method of making the leach improves filtration of the pulp. The Kellogg plant 
operates the high-acid high-current-density process, and the particular problems 
encountered do not generally apply to the lov-acid low-current-density process. 

The presence of a large amount of soluble silica in the calcine treated by the plant 
of the Electrolytic Zinc Co. at Risdon, Tasmania, resulted in the development of a 
single leaching process particularly suited to the character of the material. The 
leach is maintained acid, and instead of neutralizing the acid immediately, this step 
is not carried out until most of the insoluble residue is separated from the solution. 
In the usual manner of neutral leaching the problems of filtering, washing, and drying 
caused serious difficulties because of the large amount of silica present. The present 
system was worked out to surmount these problems. 

Double leaching may be conducted as either a continuous or intermittent opera- 
tion, but its most economical application is to a continuous-leaching system when 
there is a large volume of pulp to be handled. The Anaconda Copper Mining Co. 
plants at Great Falls and Anaconda, the Consolidated Mining and Smelting Co. 
plant at Trail, B. C., and the plant of the Hudson Bay Mining and Smelting Co. at 
Flin Flon, Manitoba, are among the larger producers using the double leacliing 
system. 

With the double-leaching system, the usual practice is to add all the calcine to a 
part of the acid (spent electrolyte) in the first or neutral leach. This gives a large 
excess of zinc oxide for complete neutralization of acid, removal of certain impurities, 
and coagulation of pulp. The discharge from tliis leach goes to thickeners for the 
separation of solids and solution. The spigot product from these thickeners, con- 
taining the incompletely leached solids, is then leached, with or without filtration prior 
to leaching, with enough spent electrolyte to dissolve all zinc oxide and to make the 
pulp distinctly acid — 0.3 to 0.5 per cent H2SO4. The discharge from the second, or 
acid, leach goes to a second set of thickeners for separation of solids and solution. 
The solution from these thickeners is returned to the first leach and mixed with spent 
clcctroljde to form the first leaching solution. 

If the calcine does not contain sufficient soluble iron to remove completely all 
soluble arsenic and antimony, ferrous or ferric sulphate solution is added to the solu- 
tion in the first leach. This iron solution is obtained either by dissolving scrap iron 
or by leaching some iron-bearing material with hot spent electrolyte. If ferrous sul- 
phate is added to the first leaching solution, it is oxidized with manganese dioxide 
before the addition of calcine. Enough manganese dioxide is also rfdded to the leach- 
ing solution to oxidize all ferrous iron dissolved from the calcine. The chemical 
equations involved are 

2FeS04 + 2H2SO4 4- IMnOs = Fe2(S04)3 + MnS04 + 2H2O 

Fe2(S04)s + 3ZnO + SHsO = 2Fe(OH)3 + 3ZnS04 

llicsc reactions show that all sulphuric acid combined with the iron is eventually 
available to dissolve zinc oxide and that the iron is precipitated as ferric lij'droxide, 
which is insoluble in neutral solution. 

The formation and precipitation of ferric hydroxide assists in the removal of cer- 
tain impurities, such as arsenic and antimoin", from solution. This purification is 
very often explained as being due to the reaction of ferric hj^droxidc until the impurities 
to form insoluble basic salts according to the equation 4Fe(OH)3 4- HsAsO^ ~ Fc40fi- 
(OH)ftAs 4- 5H2O. jMany authorities disagree with this thcorj' and believe that the 
removal of impurities is duo only to an adsorption process. Either theory has con- 
^dorablc c\4dcnee in its fa\’or. Regardless of how the action takes place, it is sufTi- 
cicnt to know that if enough iron is present, and the iron is all precipitated, these 
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elements are completely removed from solution At least 10 units of uoc for each 
unit of jmpunty is necessary for complete elimination 

The first leach is so controlled that a large excess of zinc oxide, over that necessary 
to neutralize the acid and to precipitate the iron, remains in the pulp This hastens 
the precipitation of silica alumina, iron, etc , and causes soluble silica to precipitate 
in 0 somewhat granular form The pulp under these conditions settles readily in the 
thickeners Heat also aids these roactiens, and the higher the temperature, the more 
complete the purification of solution and the better the coagulation of the pulp 
As this IS usually the only purification step for arsenic and antimony, the leach must 
be so controlled that it is knourt positively at all times that this purification is com- 
plete A simple method has been adopted for detectmg the merest traces of arsenic 
and antimony in solution A hydrogen generator using pure zinc and sulphuric acid 
13 set up The gas generated is passed through lead acetate solution to remote any 
traces of hydrogen sulphide, and then througli siher nitrate solution The solution 
to be tested is added to the hy drogen generator and the silver nitrate solution is 
watched for a change in color A trace of arsenic ndl give a brown discoloration 
and larger amounts will form a black precipitate 

Samples of the leach discharge are taken at regular intervals and tested for ferrous 
and total iron arsenic and antimony , and copper The test for iron is by titration 
with potassium permanganate or it can be roughly determined mth potassium 
sulphocyanate The test is made by first adding a few drops of nitric acid to the 
sample to oxidize any ferrous iron present Then the addition of a fen drops of 
pota'^sinm sulphocyanate will indicate the amount of iron present by the depth of 
red color produced 

The recovery of zme in the first or neutral leach is low, usually not over 60 per 
cent of the acid soluble zinc being extracted Thw is because of the large excess of 
zme oxide necessary for complete precipitation of impurities This necessitates the 
addition of about one half of the spent electrolyte to the second, or acid, leach If 
the neutral thickener underflow product is not filtered ahead of the acid, a large quan 
tity of neutral solution is recirculated through the system This increases greatly 
the volume of acid thickener overflow and dilutes the acid strength of the neutral 
leach to about one third that of the spent electrolyte This circulation of neutral 
solution has no particular disadvantage except for the number of acid thickeners and 
pumps required to handle the solution 

The object of the second or acid, leach is to recover as much of the acid soluble 
zme as possible and the least quantity of impurities, as any impurities dissolved must 
be returned to the first leach Spent electrolyte is added to the thickened or filtered 
neutral pulp m suBleient quantity to insure the presence of excess acid m the leach 
discharge The amount of excess acid added largely determmcs the amount of 
impnnties dLssoIyed Ji sujfficjeni iiiss is gives fee the leaehisg opeestKxs pmcticaHy 
all the acid soluble zme and only a small part of the total impurities will be leached 
with an acid strength, of 0 5 per cent in the leach discharge Figure 6 illustrates 
graphically the behavior of some of the soluble impurities m the first and second 
leaches Some of the impurities dissolved m the second leach are derived from the 
excess cakme added m the first leach If the acid strength is cawed as high m the 
second leach as in the first leach, more impurities will be dissolved because there is 
much less zme oxide present to neutralize the acid If most of the zme oxide is dis- 
solved while there is still an appreciable amount of acid present in the leachmg solu 
tion the acid then has a greater opportunity to act on the more insoluble impurities 
Until all iron, arsenic, antimony, etc , soluble m an acid solution of given strength » 
dissolved from the pulp the acid thickener overflow is a saturated solution of these 
impurities for that acid strength 'With the volume of the solution constant more or 
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less of these impurities will be dissolved if the acid strength is increased or decreased. 
An increased volume of solution at a given acid strength also increases the amount of 
impurities dissolved. Therefore, if either the volume or acid strength of acid-thick- 
cncr overflow is increased, the amount of impurities circulated will increase up to the 
point where all these elements soluble in the existing acid strength have been dis- 
solved. Also, if either or both the volume and acid strength is decreased, less impuri- 
ties will be circulated. It is highly desirable to keep the volume of solution and the 
amount of impurities circulated at a minimum to facilitate settlement in both the 
neutral and acid thickeners. A decrease in the volume of solution circulated also 
slows down the flow of solution through the same amount of equipment and gives time 
for more complete leaching. A decrease in the volume of solution circulated can 



best be accomplished by filtering the neutral-thickener spigot product ahead of the 
second leach. The filtered solution can then be added to the neutral-thickener 
overflow instead of circulating it through the leaching and settling system. Dis- 
solving a larger amount of zinc in the first leach reduces the amount of solution 
required in the second leach, but carrjdng this too far is dangerous practice, as some 
excess zinc oxide is nccessarj’’ for complete precipitation of impurities and for coagula- 
tion of the pulp. 

The pulp from the acid leach does not settle as rapidlj' as properly coagulated 
neutral pulp. Some fine solid material always o^'crflows the acid thickener and is 
put back into the neutral system. This constit\itcs an additional burden for this 
equipment. The amount circulated depends partly on the rate of flow through the 
thickeners. A reduction in the volume of solution passing through the acid sj^stem 
''viil, therefore, reduce the amount of solids as well as the amount of impurities returned 
to the neutral system. 


per Liter Ca.Cd 
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An apparently simpler method of accomplishing tlie desired results from the 
double-leaching ajstem \rould be to treat all the spent electrolyte with enough cal 
cine to icdiice the acid content of the lenchwig solution to about the same strength 
as the acid thickener oi erflon — 0 3 to 0 5 per cent HSS 04 — and then to neutralize 
and punfj the resultmg solution 111111 excess calcine or limestone as a separate step 
In this method if calcine 13 used the residue is returned to the leaching sjstem, or 
if limestone is used, the residue is discarded This method of leaching dissolves more 
impurities from the calcine because of the high acid strength of the leach The residue 
fiom a leach of this tjpe settles \ery slonly and is difficult to filter Precipitated 
lijdroxides and gelatinous silica require the weight of the mam bodj of the residue to 
carry them down in the thickeners They ali>o filter much more readily when Bused 
with the sandy portion of the residue 

“Continuous” vs “Batch” Leachmg —The continuous leaching sj'stem is well 
adapted to plants handhng a large 1 olume of solution and having a fair! j uniform feed 
The mam disadvantage of the continuous-Ieaching sjstem is that sudden changes 
in the analjscs of feed make a close control of the purification part of the learn almost 
impossible It is therefore nccessarj that a contimioiis leaching sj stem be operated 
at all times under conditions •suited to the maximum amount of impurities that might 
be encountered Tina is the onij positive waj to ensure that no improperly purified 
solution wilt get bj to the electrolyzing cells \tith a batch leachmg sj’stem, each 
tank, of solution can be held until its purity is assured A larger proportion of the 
zme content of the calcine can he recoi ered in the neutral leach w ith tue batch sj «tem 
as more tune can be allowed for the addition of calcme and for agitation between 
additions A much closer control can also be had of the amount of calcine added m 
excess of that necessary for neutralization This results in less acid thickener 01 er 
flow returning to the neutral leach and improves conditions generallj m the acid leach 
Air consumption is greater with the continuous-leaching system than with the 
batch system for a small plant This is because it is necessary to maintain agitation 
III all the tanks contmuouslj to prevent settimg of the pulp, which w ould plug the air 
lifts tilth the batih sjstem each tank ls compMelj emptied at the end of each 
leach and air is used onlj during the actual period of leachmg A plant producing 
SO tons of zinc jicr daj even w itli a low acid process will require less than 1000 tons 
of solution per 24 lir This amount of solution can he handled more cconomicallv 
and with better leaching results m the same niimher of tanks operating mdependentir 
than if arranged in series As the volume of solution tnereasea bejond the capacitj, 
if operated indepcndentlj of the mmimnm number of tanks that can be placed in 
senes for successful continuous leachmg then the comparison changes in favor of 
contmuous leachmg owung to the sanng m time required for filling and discharging 
Labor and repair charges are lower w ith contmuous leaching, and the entire leach- 
mg, operation w simplified The. caip.a.'uAy •jie.*: kwi. tojtcx units for 

leaching and for calcine storage Also, less difference m elevation is required between 
leaching tanks and thickeners, when gravity feed is used, owung to the fact that the 
tanks are discharged from tl e top instead of the bottom 

in general, plants of small capacity and those having a verj variable feed are 
best served bj the batch sj stem, and those of large capacit j and hav mg uniform teed 
are best served bj the continuous sjstem for the neutral leach For the acid leach 
the contmuous system la preferable for all plants 

PunficatioB of Neutral SoIuUoa— Aeutral thickener overflow will be free of woo, 
trsemc, ontimonj , tin, bismuth, and silica if the neutral l<’ach has b -en propcrlv 
earned out Tlie overflow will, how ev er contain 40 to 60 per cent of the copper and 
most of the cadmium originally present m the calcine These two are usuallj the 
major impurities, but germanium nickel cobalt, etc will also be found in the solution 
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if these element? were in the calcine to any extent. Some of these impurities have an 
adverse effect on ampere efficiency and must be removed to avoid trouble during 
clcctrolj’^sis. Others are plated out with zinc and must be removed from solution 
previous to electrolysis if a pure zinc metal is desired. Both types of impurities 
are usually removed from neutral-thickener solution by mechanical agitation with 
finely divided zinc dust. The process of purification is usually so complex thal 
adequate control cannot be obtained by continuous purification systems. Mechani- 
cal agitation is preferred to air agitation because of the tendenc}^ of certain impurities 
to oxidize and rcdissolve on contact with air. A single zinc-dust treatment will some- 
times remove all undesirable impurities from solution, but often the purification must 
be divided into two or more “stages/' each with its individual precipitation and 
filtration. An excess of zinc dust over the theoretical replacement amount is iisuall}^ 
necessary to effect complete precipitation of impurities. INIost of this excess zinc 
can be recovered from the purification residue and does not constitute a loss. Tim 
extent and intensity to which purification must be carried out, and the exact manner 
in which it is performed, depends on the particular impurities present, their relative 
amounts, and the degree of purity desired in the metal produced. 

Copper and cadmium are the two harmful impurities usually found in relatively 
large amounts in the neutral-thickener overflow. If they are the only impurities 
present, both are easily removed by a purification with zinc dust. Copper precipitates 
first and has no tendency to go back into solution. Cadmium removal is not so 
complete; an excess of zinc dust above the theoretical replacement amount is necessary’' 
for adequate purification. The precipitation of cadmium is partially dependent on 
the copper content of the solution. A small amount of copper assists in cadmium 
removal; but if the ratio of copper to cadmium is high, the freshly precipitated cad- 
mium tends to redissolve, and an even greater excess of zinc dust must be used. 

Copper and cadmium are seldom the only harmful impurities found in neutral- 
thickener overflow. The presence of copper is beneficial in removing these other 
impurities, and if sufficient copper is present, most of them can be eliminated in the 
same zinc-dust purification that removes copper and cadmium. If not enough copper 
is originally present to make the purification sufficiently strenuous, it can be supplied 
by the addition of copper sulphate solution. The presence of other impurities and 
the addition of copper to remove them increase the tendency" of cadmium to redissolve. 
In many instances the re-solution of cadmium is so great that a second zinc-dust 
purification must be made. This is especially true if high-grade zinc is to be produced. 
In this case the first treatment with zinc dust precipitates all the copper in solution, 
together with most of the cadmium and other impurities. The purification residue 
s filtered off, and more zinc dust is added to the clear solution. This second purifica- 
tion completes the removal of cadmium. It is sometimes made more effective by the 
addition of a small amount of dissolved copper, usually less than 0.1 g. per 1. 

Ai'senic and antimony are often present in neutral-thickener overflow in small 
amoimts, although, theoretically, the iron-hydroxide precipitation in the neutral 
leach should completely remove them from solution. The zinc-dust purification is 
very effective in removing these two impurities if enough copper is present. 

Antimony may be present in some ores in sufficient quantities to complicate the 
nsiial neutral-leach purification. This condition is rarely met, but was encountered 
in the treatment of fume from the Mammoth smeltery at Kennet, Calif. Purification 
of solution in this case was accomplished by precipitating arsenic, antimony, copper, 
cadmium with hydrogen sulphide gas. The neutral solution was acidified to 
0-5 to 1.0 per cent acid and treated with HiS gas. This method has received little 
favor from the industry for several reasons: it is difficult to remove the last traces of 
aatimony in this manner within a reasonable length of time udthout the use of an 
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enormous amount of equipment, hydrogen sulphide 13 both obnoxious and poisonous 
and requires special care and equipment for application on a large scale, and settling 
and filtration of precipitated antimony are difficult, due to the extreme fineness of the 
particles 

Silica, if not removed from solution in the neutral leach, is precipitated by zme 
dust Tills increases the amount of zinc dust required and impairs subsequent filtra- 
tion bv “bhnduig” the filter medium An excessive amount of silica tends to form a 
gelatinous coatmg around each particle of zme dust, in extreme cases this action is so 
great as totally to prevent further purification This condition requires special treat- 
ment to be given m the neutral leach to reduce the amount of silica in the neutral solu- 
tion Solids overflowing the neutral thickeners, because of poor settlement, will also 
raise the consumption of zme dust and increase the burden on the clarification filtert, 
In order to obtain the slightest efficiency from the zme dust used, the solution to be 
purified must be free from mechanically held solids and from such soluble impurities 
as silica, feme sulphate, and free acid Feme sulphate and free acid will dissoUc 
precipitated cadmium and increase the consumption of zme dust Filtration of the 
neutral thickener overflow is sometimes resorted to m order to obtam a solution 
absolutely free of solids 

The discharge from the purification tanks is either filtered direct in a pressure filter 
to remove the purification sludge, or is first sent to settlmg tanks to take some of the 
load of sobds from the filters tV hile settling relieves some of the load, it also mcreases 
the possibibty of cadmium becoming oxidized and "ridmg back ” Filtration at this 
point must be perfect, and the filtered solution should be crystal clear Any solids 
going through the filter medium are certain to cause trouble later m the electrolyzing 
cells If the solid particles are copper or cadmium sludge, they will be dissolved by the 
acid in the cells and impair either the ampere efficiency or the quahty of the metal 
produced or both if the solids are particles of residue overflowmg the neutral thick- 
eners, arsenic and antimony will be dissolved in the cells Settling alone is not suffi- 
cient to ensure the necessary clarity of solution The solids from the purification 
step are treated m a separate leachmg cycle for the recovery of zme, copper, and 
cadmium 

Filtration of Residue — The most serious problem in the filtration of residue is to 
avoid the loss of zinc as entrained solution in the final matenal Pulp that is slightly 
acid 13 especially difficult to handle The gelatinous precipitates of iron and aluniinuni 
hydroxide and silica form a cake more or less impervious to the passage of rv ash a ater 
The residue from a low-grade concentrate contains a rather high proportion of sandy 
matenal and can be ashed with sprays As the zinc content of the concentrate 
increases, the proportion of gelatmous to sandy matenal increases and washing 
becomes more and more difficult Finally a point is reached where sprays cannot he 
used satisfactonly and washmg must be done by dilution A normal residue filler 
cate from a concentrate contammg 30 to 35 per cent zinc will contam about 25 per 
cent moisture, while a residue from a concentrate containing 65 per cent zme will 
carry 35 per cent moisture or more 

Washing by replacement is more efficient, less expensive, and requires less water 
than washing by dilution In cither ty pe of washmg, hot water is more efficient than 
cold The viscosity of zme sulphate solution increases with a decrease m tempera- 
ture, and as the viscosity increases, it is less readily miscible w ith water Heatmg the 
pulp to be filtered increases the capacity of a filter owmg to freer passage of solution 
and also decreases the moisture content of the filter cake The amount and method of 
washmg are partly governed by the zinc content of the solution in the pulp being 
filtered As the zme content of the solution increases, the loss of water-soluble zmC 
incTcases, unless additional WBahing is provided 
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A combination of washing and replacement and dilution is generally used when 
treating a residue from low-grade concentrates. Spray washing is used first, the 
resulting cahe is repulped with hot water in a suitable agitator, and the resulting pulp 
is refiltcred on a second filter on which spray washing is used. Repulping may be 
done in several types of agitators, but an adaption of a pugmill is one of the simplest 
and cheapest devices. A trough is fastened to the cake-discharge side of the filter 
to receive the cake as discharged. In this trough is a revolving shaft carrjdng pugmill 
blades and driven from the filter mechanism. Water is added to the trough in suffi- 
cient quantity to form a pulp of the proper density and after being mixed with the cake 
is discharged to a second filter. The amount of wash water that can be used is 
limited by the moisture carried out in the residue and the evaporation throughout the 
plant, unless some solution is discarded for other reasons. Pulp fed to the filters 
should be sufficiently thick to prevent much classification in the filter tank, or the 
sandy material will settle in the tank, and the filter cloth wdll become '^blinded'' with 
slime. 

AVashing a residue produced by high-grade concentrates presents a somewhat dif- 
ferent problem. Here the pulp contains a relatively low percentage of sandy material, 
and washing with sprays is not practical. Repulping this residue results in a frothy 
sticky mass which is difficult to filter and retains a large amount of moisture. Even 
handling this pulp through a centrifugal pump increases its resistance to filtration. 
This pulp is usually handled in some type of filter, such as a Moore filter, in which 
washing is done by replacement. This step is then followed by a second filtration in 
which the pulp is dewatered as much as possible. 

Vacuum used should be maintained as high as possible in order to reduce the 
moisture in the cake to a minimum and to keep the capacity of the filter at a maximum. 
The dry-vacuum system is much to be preferred, but must be provided with large 
solution receivers and moisture traps to avoid carrying solution or spray into the 
vacuum pumps. A slight leakage of solution or spray will soon corrode the valves 
and cylinders of the pumps to a point where they lose efficiency and will in a short time 
cause more serious trouble through breaking of valves and pistons. Traps and 
receivers made of wood staves are preferable to steel tanks with lead linings. Lead 
linings tend to collapse and break along the seams, giving the solution a chance to 
corrode the tank shell, and for this reason are expensive to maintain. Bronze or 
copper may be used in many cases but are expensive to install. 

Recovery of Zinc from Residue. — The residue from the treatment of an3’' concen- 
trate containing iron udll contain some undissolved zinc in the form of zinc ferrite. 
The residue will also contain an\' unroasted zinc sulphide introduced with the calcine, 
some zinc sulphate as entrained solution, and some undissolved zinc oxide in the small 
lumps that have not been penetrated hy the leacliing solution. As a general rule, 
the higher the zinc content of the concentrate, the smaller the percentage of the total 
zinc that remains in the residue. With a high-grade concentrate, a smaller percent- 
age of zinc ferrite is usuallj" formed during roasting because of the better separation 
of iron and zinc during the concentrating process, and because the iron and zinc arc 
normally not in as intimate contact as in a low-zinc high-iron concentrate. Less 
sulphide sulphur remains in the calcine produced from a high-grade concentrate 
because of the higher roasting temperatures permissible in the absence of a relativel3^ 
large amount of iron. The treatment of a concentrate containing a high percentage 
of zinc rcsxilts in the formation of a smaller amount of insoluble zinc compounds 
during roasting; the smaller amount of insoluble zinc compounds formed results in a 
smaller amount of residue; and the smaller amount of residue produced decreases 
the loss of zinc sxilphatc as entrained solution, and allows more wash water to be used 
per ton of residue. 
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The amount of special residue treatment necessary to obtam a good over all 
tecoveT> of *mo must first be considered from, the economic standpoint While the 
several methods often used to recover zinc from the residue may be metallurgically 
sound, they may not be practical if conditions arc such that it is cheaper to buj new 
concentrate than to treat the residue 

Regardless of the percentage of the total zmc concentrate that is contained m the 
residue, the residue may contain enough zinc economically to warrant special methods 
of treatment for its recovery On the other hand, the loss of zmc, per ton of concen 
tiate, in the residue may be excessive, yet the zinc content, per ton of residue, may 
be too low to pay for the cost of treatment For example, assume that two concen 
trates are under consideration The first contains 60 per cent zinc from which a 
recovery of 9o per cent can be obtamed and from which 0 2 tons of residue is produced 
per ton of concentrate This residue will contain 15 per cent zinc The second 
concentrate contains 30 per cent zmc from which a recovery of 80 per cent can be 
obtamed, and 0 65 tons of residue is produced per ton of concentrate The residue 
from this concentrate will contain 9 25 pel cent zmc The residue from the first 
concentrate is an attractive one to treat, whde the other is so low m zmc that condi 
tions would need to be especially favorable for the value of the zmc extracted to pay 
for the cost of treatment 

Zinc ferrite is practically insoluble under the usual leachmg conditions, and unless 
special recovery methods are employed, the loss of zmc m the residue is hkely to be 
serious A great many methods have been investigated and proposed for the extrac- 
tion of zmc fernte, but only a few have been found to be commercially feasible The 
loss of zinc in the residue as zmc oxide, zmc sulphide, or zmc sulphate is large enough 
to receive some attention, but if an effective method of recovermg zmc from zmc 
fernte is used the zmc in these other compounds is largelj recovered m the same 
process 

Roasting the residue m an atmosphere of SO 2 gas at a temperature of 500 to 550*C 
will convert most of the zmc fernte to zinc sulphati?, w^hieh is soluble in water Some 
iron Bulphate la formed during the roasting, and nnlesa the temperature is raised above 
600®C , iron wnll be extracted with the zinc by water leachmg By a careful regula 
tion of temperature dunng the roast, the solubihty of iron can. be controlled to any 
desired degree The reaction causing the decomposition of fernte and the sulphating 
of zmc IS probably due to the action of SOj gas Ferric hj droxide decomposes at the 
temperature of the roast to form ferric oxide, which acts as a catalyst m converting a 
mixture of SO* and 0* to SO* The SOt so formed is then available for the sulphating 
reaction This method was investigated during the early development of the zioc 
plant at Trail, B C The residue was treated in. a multiple-hearth furnace, and pj ntc 
was added to the lower hearths to funush the SO* necessary for the decomposition of 
fernte This method was commercially successful for a tune, but as the capacity of 
the plant increased, it w as found to be rather slow for large-scale operations 

The “residue-fuming process” is another method used for the recovery of laic 
from zmc plant residue This process depends on the decomposition of zinc fernte 
and the formation of zinc sulphate when the residue la roasted with sulphuric acid at 
a high temperature The reaction is probably carried out according to the equation 
ZnO Fe,Oi + 4HjSO« - ZoSO, + Fc,(S 04 ), + 4HjO The sulphates of zmc and 
iron formed by this reaction are both soluble m a water leach Some soluble ferric 
sulphate maj be desirable as a source of iron for the neutral leach Tbc amount of 
ferric sulphate remaining m the finished product can be controlled by regulating th* 
temperature of the roast If the temperature is mamtamed above 600 but belo-e 
650*C , the feme sulphate is rapidly decomposed uito insoluble feme oxide nbJe the 
zinc sulphate remains practically unchanged 
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A high recovery of zinc can be obtained by this method — 75 to SO per cent of the 
zinc in the residue — ^l^ut there are two serious difficulties to be overcome. Evapora- 
tion of spent electrolj’^te to the concentration necessary to ensure sulphating is not a 
simple problem because zinc sulphate is crystallized out as the concentration increases. 
The solution can be depleted to about 5 g. per 1. zinc before evaporation, but only at 
the expense of ampere efficiency. If a cheap source of commercial sulphuric acid is 
available, it may bo more economical to deplete part of the spent electrolyte of its 
zinc content and to discard enough of this solution to offset the addition of fresh acid, 
than it is to evaporate spent electrol 3 "te bj" ordinar 3 '' means. The second difficulty 
to be overcome is the handling and roasting of the mixture of residue and acid. If 
all the acid necessary for complete sulpha tion is added to the residue at the start, the 
resulting mixture is too thin to be handled in the usual types of large-scale drying 
equipment. 

Treatment of Copper-cadmium Residue. — The residue produced b3’' purification 
of solution with zinc dust contains too much excess zinc dust to be discarded, and 
usual!}'' carries sufficient cadmium to pa}’ for the necessary treatment to recover this 
metal. The copper content of this residue can also be recovered. Some basic zinc 
sulphate precipitated during the purification and clarification operations will be found 
in the residue. Unless the neutral- thickener overflow is filtered previous to purifica- 
tion, some recoverable zinc from slimes will also be present. The zinc from all these 
sources is just about equal to the amount of zinc dust used in the purification opera- 
tion. Treatment of the purification residue is, then, nccessar}^ from the zinc-recover}’' 
standpoint, and is also desirable because most of the copper and cadmium can be 
recovered. 

Purification residue is leached with dilute sulphuric acid (spent oleotrobic) to 
dissolve as much zinc and cadmium as possible. The residue ma}'’ be treated in 
either the oxidized or unoxidized condition. Oxidation, either b}*^ ro.asiing or b}^ long 
exposure to air, increases tlie solubilit}’ of zinc and cadmium to some extent but also 
increases the solubilit}’ of copper. If the residue is treated before complete oxidation 
takes place, the probable formation of arsine must be taken into account. 

Oxidized purification residue is usuall}’ leached b}’ adding the residue to the spent 
elcctrol}^© until all the acid is neutralized. When leached in this manner, most of 
the zinc and cadmium is dissolved, and also a considerable portion of the copper goes 
into solution. The remaining sponge copper and insoluble material is settled out in 
thickeners, and is a desirable product for treatment by copper smelters. The thick- 
ener overflow, containing zinc, cadmium, and copper, is then treated with just enough 
zinc dust to precipitate all but a ver}'' slight amount of the copper present. Tlie sponge 
copper from this operation is a desirable source of copper for use in the regular leaching 
operations; or it can be added to the first copper residue. TJie solution after being 
purified for copper is then treated for removal of its cadmium content. This can be 
done either ])\’ agitating with zinc dust, or b}’ circulating the solution through tanks 
in wlucli zinc slabs are suspended. In the first case, the action is much faster and is 
ver}’ satisfactor}' if a certain amount of zinc in the cadmium sponge can bo tolerated. 
A cadmium sponge of greater purit}’ is obtained b}’ the use of zinc slabs. Most of 
the cadmium sponge in this case floats to the top of the solution and is removed b}’ 
skimming. The sponge cadmium can be used for the production of cadmium metal. 
The solution, after the cadmium is removed, is sent to the main leaching system. If 
this solution contains an appreciable amount of undesirable impurit}', such as cobalt, 
it is good practice to remove the impurit}* before returning the solution to the leaching 
system. Cob.alt can be removed by the use oj nilroso-bctn-naplithol if the iron in 
solution is first precipitated. If the cadmium content of the .^oUUi<,n is low, cobalt 
can be removed by sudium-eth^d-xantliatc without any preliminary treatment. 
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If purification residue is treated witli dilute sulphuric aeid before much oxidation 
takes place most of the zmc and cadmium goes into solution, but only a email amount 
of the copper is <lissolvcd The presence of a certain amount of metallic zinc and 
cadmium at all times causes the immediate reprecipitation of most of the copper, 
nickel or cobalt dissolved Settling or filtering a leach made m this manner results 
in a copper residue and a zmc-cadmium solution practically free from harmful impuri- 
ties The cadmium m the solution is precipitated, and the subsequent operations 
are carried out m the same manner as u hen oxidized residue is leached 

Purification residue may contain some arsenic, due to imperfect purification in 
the neutral leach If the metalhcs alw aj a present in the freshly precipitated residue 
are not completely oxidized, then the treatment n ith acid u ill generate hydrogen 
Hydrogen, when evoh ed in the presence of arsenic compounds, combmes with arsenic 
to form arsenic hydride commonly called arsine Arsine is an extremely poisonous 
gas A -very little arsine breathed into the human system, will cause serious illness 
or even death It is, therefore, absolutely necessary to provide c\ cry possible safe- 
guard m an operation of this kind The purification residue treatment plant should 
be m a separate well ventilated building The leaching tanks should be hooded and 
connected to an exhaust fan of ample capacity tom amt am a constant vacuum in the 
tanks and hoods Samples of air should be drawn from different parts of the plant 
and tested for the presence of arsine These samples should be drawn from near the 
surface of the settling tanks and as arsine ls heavier than air, from the low spots on 
the floor of the building The tendency for arsine to collect in the low places is a 
dangerous characteristic Unless ci cry precaution is taken, it may collect unnoticed 
until some disturbance m the atmosphere of the buildmg distributes it and poisons 
every employee m the department A contmuous test for the presence of arsine can 
very easilv be made on the air samples draw n from various parts of the building 
The air is first passed through lead acetate solution, to remove any II jS that might be 
present and then through sdver nitrate solution The presence of arsine m the sample 
causes the silver nitrate solution to turn black 

ELECTROLYSIS OF ZINC SULPHATE SOLUTION 

Pimty of Solution — When the leaching and purifying operations haiebecn prop- 
erly earned out the zmc sulphate solution delivered to the electrolyzing cells is almost 
entirely free from un pun ties that may be injurious to their operation The electro- 
ly zmg cell is extremely sensitive to those elements which arc electronegative to zmc 
So marked is the action of certain impunties that they may ha\e a detnmental effect 
on the cell when present m amounts too small to be detected by the regular methods 
The effects of some impunties can be mmunized by a change in operatmg conditions 
or by the use of certain additjuu bw.ttbA'yiJ.y ahsnbdA guarantee 

of satisfactory results is punty of solution 

Next in importance to punty of solution is the punty of electrodes and tank hning 
material Pure chemical lead or lead alloy, anodes should be used If the tanks 
are lined with sheet lead, only the purest lead obtainable should be used for this 
purpose Aluminum of the highest purity should be used for the cathodes A great 
deal of care should also be taken that no impurities accidentally find their way into 
the cell 

With the essential details taken care of, the electrolytic cell wnll allow a rcasonablr 
wide variation m operating conditions — such as temperature, aciditv, current dens ty, 
etc — ^without much change in ampere efficiency Tliese conditions must, boweier 
be considered in the economic success of the process as they are quite important m 
their effects upon the voltage required, and thereby on the power requirement 
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Power Equipment. — Power is normally the largest single item in the operating 
cost of an electrolytic-zinc plant. Direct^current electrical power is necessary for 
electrolysis; and, in most cases, it must be converted from the alternating current 
supplied to the plant. The power requirement of the zinc cell is so great that the 
smallest possible conversion loss amounts to an appreciable sum in the larger installa- 
lions. The size oi the U\e available tl\e factors 

in deciding upon the conversion macliine to be used. The gradual growth of the largo 
zinc plants and the electrical equipment available at the time of the original capital 
outlay have resulted in the use of some conversion units which, if the ultimate size 
of tlic plant had been known, might not otherwise have been used. The conversion 
machines in general use arc motor-generator sets, rotarj" converters, and mercurj^-arc 
rectifiers. ?»Iotor-generator sets arc widely used in the smaller plants or where the 
growth of the plant has been gradual. They have a conversion efricicncy of 85 to 
88 per cent, llotary converters, having suitable voltage control, are more efficient 
than motor-generator sets. The conversion efficiency of a large rotary converter is 
generally above 92 per cent and may be as high as 94 per cent. The liigher voltage 
of the rotary converter permits more cells to be connected in series and requires fewer 
units. Larger and fewer units require less attendance and less floor space, making 
both first cost and operating cost less. Grounding the neutral point of each circuit 
lessens the possibility of personal injury with the higher voltage of the rotary con- 
verter. In over 25 years of operation at Great Falls, not a single injury has resulted 
from the exposure of over 200 workers per day to operating voltages of 500 to 550 
volts. Mercury-arc rectifiers have a slightly higher conversion efficiency than rotary 
converters wlicii operated at higher voltages than usually encountered in zinc plants. 
A factor of 94,5 per cent is obtained by the Magdeburg Zinc Works at Magdeburg, 
Germany, by operating mercury-arc rectifiers at 750 to 850 volts on the d-c side. 
Mcrcury-arc rectifiers have been in use for a long time; but only recent developments 
have given them operating efficiencies satisfactory to the zinc industry. A wider use 
Wns type of coYiveTsioP mtieVdwe industry can bo o:vpootod 

in the future. 

Tanks. — Tlie tanks used as electrolyzing cells are usually constructed of wood, 
concrete, or pitch concrete. Many materials have been tried in the search for the 
‘‘perfect tank,’’ but very few have been found to possess enough of the essential 
qualifications to warrant their general use. The ideal tank should be relative!}^ low 
in cost and give a long period of service. It should be a nonconductor and impervious 
to dilute sulphuric acid under electrolyzing conditions. It should be capable of 
carrying not only the load of solution, but also the weight of electrodes and tank bars. 

Wood tanks were the first to be used for several reasons. Their case of construc- 
tion and apparent low cost were attractive, but the main reason was tliat during the 
early development of the electrolytic-zinc industry no better material was available. 
Wood tanks must be lined with lead or rubber to prevent leakage and to resist the 
action of dilute sulphuric acid. The wood used must be heiiAdW creosoted to prev'cnt 
rotting or disintegration due to tlic action of acid. The tanks must bo well reinforced 
with tic rods and plates to \rithstand the load of solution and electrical equipment. 
Wood tanks are gradually disappearing and arc being replaced by tanks constructed 
of materials having more of the essential qualifications of the ideal tank. 

Concrete tanks must bo lined with some material resistant to the corrosive action 
of dilute sulphuric acid. Ix‘ad, sulphur sand, or rubber arc often used. Concrete 
tanks have a longer life and greater strength than wood tanks, hut the cost is greater. 
They must be cast in wood or steel forms and aged 15 to 20 days before being put into 
service. Concrete is very susceptible to disintegration when in contact with acid; 
any le.nk developing in the lead lining i.s detrimental to the life oC tlve tank?.. TUk 
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effect can K partiatlj pre\t‘nttd if tlic tanks are painted or -varnislicd before Iminj; 
and jf weep hol« are pro\ndod m the bottom of the tanks l\e%crthcleas, this is a 
acnous defect of concrete and o\ ershadon s manj of tlie advantages of its use as a 
tank material 

Pitch concrete tanks are, theoreticallj , the nearest approach to the perfect tank 
so far del eloped Thej are a mixture of pitch asphalt, silica rock, and silica «and 
Pitch concrete has been used in Furope for seicral jears for the production of acid 
proof sew er pipe tile and the like but its application to large castings was developed 
bj the ( onsohdated Mining and Smelting Co , at Trad, B C Tanks made of pitch 
concrete arc cast in one piece in steel forms Special equipment is neecssarj for 
heating an 1 mixing the material Heinforcing wire and rods arc used in the same 
Tnanm r ns in nnnfon cd cow icte ^Vhen coirectlj made pilch concrete equals con 
Crete mid r eoinprcsbion exceeds concrete in tensile strength and dots not require 
lead lining The tanks arc however quite fragile, and extreme care is necessary to 



prevent cracks cither from mechanical shock or from strains set up during the cooling 
periol Cracks when formed arc quite difficult to repair Several plants arc tow 
tettnig these tanks but a long period of trial will be necessary before deciding vvhclhcr 
tl IS 13 the tank to be used 

II c size of tank required dep nds on the number and size of the clcttfoles an! 
the ®pacing 1 clwcen cht Irodcs — ■! in spacing from center to center of ano Ics is alout 
the maximum Some space must be provaded btloiv the lower edge of the electrodes 
for settlement of the manganese dioxide sludge deposited at the anode lie space 
b< tween the elcctrt les and the tank sides must bo large enough to avoid stnku'Etl*'' 
tank lining when the electrodes art removed Overflow spouts of lead nibher etc 
fistcned either to the tank or to the tank Immg at the lower end of each tank arc 
usivi to remove the spent electrolyte No provision is made for draining the tanks 
from the liottonv it has been found cheaper and more satisfactory to empty the tanks 
for cleaning with n pump 

Electrodes — Uolletl aluminum sheets ^33 to m thick nn I of the high«* 
punt), are used f r (stlodes Copper suppor* bars are riveted to tie atummuni 
sheet, or copjier inserts are cost into an nlutninum header, which is then wtWed to tie 
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sheet. Aluminum bars riveted to the sheets have been substituted for copper bars, 
but as electrical contact between aluminum and aluminum is not particularly good, 
excessive heating resulted. Sheets thicker than have been tried, but the added 

V'cight is an objectionable feature in removing plates for stripping. Wood, rubber, or 
rubber-lined aluminum strips are usually placed on the vertical edges of the sheets to 
prevent zinc building up around the edges. This ser\^es the double purpose of 
eliminating the sharp edges where 'trees'' might form during the electrolysis and of 
increasing the ease of stripping. At Risdon, no strips are used; grooves are cut in the 
sheets along each edge to weaken the zinc deposit at these points so that the zinc can 
be more easily removed. 



The life of an aluminum cathode varies from 1 to 5 years, depending on the thick- 
ness of the sheet and the precautions taken to prevent corrosion. Most of the cor- 
rosion takes place just below the support bars. At the solution line, corrosion is 
considerably less, and below the solution line it is practically negligible. The life 
of the cathode can be greatly lengthened by using a sheet with a thicker cro'^h section 
at the point of corrosion, or by riveting protecting plates of aluminum to the portion 
of the sheet above the solution line. The increased cost of fabrication and tlic lugli 
value of aluminum scrap have prevented the general adoption of the thickencU oariiodo. 
The use of a paint or varnish that would stand up under chemical corrosion and 
mechanical wear would greatly prolong the life of the aluminum cathodes. Such a 
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pamt or varnish has long been songbt, but to date none o{ the many tested have 
proved commercially successful 

The anodes used m the zinc cell are of sheet lead yi to m in thickness Solid 
sheets are generally used, but perforated sheets arc claimed to have some advantages 
Where extremely close spacing of electrodes is practiced, some form of guide must be 
used to mamtam this close spacing, and, because the circulation of solution » reduced 
by the guides, perforated anodes are almost a necessity The anode sheets are usually 
cast, but rolled sheets may also be used The anodes are generally cast around a 
copper header bar, leaving one end of the copper bar exposed to make contact with 
the tank bus bar 

Chemically pure lead, or an alloy of lead With silver, is used for the anode material * 
Other alloying elements, such as cadmium, calcium, and arsenic, have been tested, 
but no element has been found to be as satisfactory as sib er in preventing corrosion 
of the anode Copper tends to build up in the lead u hen old anodes are melted and 
recast, it seems to have little effect on the anode m amounts up to 0 2 per cent 
The anode is the main source of lead in the cathode zinc, but the amount of lead 
plated out with the zinc is normallj but a small part of the lead corroded from the 
anode Most of the corroded lead remains as lead manganese scale on the anode or 
settles to the bottom of the cell as a sludge Both scale and sludge must be removed 
at regular intervals if the ampere elHciencj of the cell is to be maintained, and if the 
lead m the cathode zinc is to be kept at a low level 

The length of time that an anode is used depends not only on the amount of 
corrosion of the lead, but also on the influence of the anode on the character and 
efficiency of zme deposition After a certain period of time, depending on local con- 
ditions, there is a gradual decrease in current efficiency and an increase in the amount 
of lead m the cathode zinc over that obtained with new anodes When the optimum 
life of an anode has been passed, the anode is removed from the cell, melted, and recast 
Some lead is lost during the melting as lead dross and must be replaced with new lead 
The size of the electrodes and the number used per cell depend on the capatil> 
of the plant, the current dcnsitj used and other local conditions Larger electrodes 
ire required if the bus bars are earned on the edges of the tanks than if the bus bars 
are supported mdependentlj This is due to the greater distance between the soln 
tion level and the electrode support bars Spacing between electrodes m the cefls 
vanes from 5^ in , as at Kellogg to a maximum of about 2 in The electrodes must 
hang absolutely true to avoid short circuits and to ensure even distribution of current 
Some sort of guide must be used, and the period of deposition must be shortened 
when close spacing of electrodes is practiced 

The edges of the cathodes present sharp surfaces that tend to become points of 
higher current density than the rest of the surface This effect is conducive to the 
formation of trees ” Anode sheets are usually made smaller than cathode sheets to 
reduce this eStct The use of strips on the vertical edges of the anodes helps to reduce 
the formation of ’trees” and prevents undue warping of the anode.^ 

Bus Bars and Tank Bars — Copper, either rolled or cast, is universally used for 
bus bars Cast bars are usually cheaper than rolled especially if odd shapes are 
required The usual method of determining the size of bar required is to allow 1 sq m 
of cross-sectional area for each 1000 amp With large bars, however this does not 
allow enough radiating surface to avoid overheating If 8000 to 12,000 amp is to 

1 The lead-silver anode was onzinally worked out by U C Tainton apparently largely from 
and was a great lactor in enabling him to produce four 9 and e^ en five-U iioc The Tainton aB<»« 
baa about 40 per cent of its aurface repUced by holes For a description of the work on thu anode 
Lead AII 03 S for Anode* in Electrolytic Production of Zme of High Puritj by IX C Tamton A 
Taylor and H P Ebibuger Trans AIMS February meeting 19S9 — Eorro» 
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cathode tank bars to be pl-iced on. the working side of the tank where thej maj be 
kept polished without leaning over the tank The insulated ends of both the anode 
and cathode supports are in this case on the opposite side of the tank from the contact 
ends The total amount of copper required on the tank w ith this system is only a 
little more than two-thirds ol that requued when using a common center bar, and 
about one-half that required if amglc bars are placed on each side of the tank 

Tank bars maj be supported on the top edge of the tank, on the side of the tank, 
or by separate supports IVhen earned on the top edge of the tank, they are usually- 
placed with the flat side resting on the supporting surface ^\'hen carried on the 
aide of the tank the normal practice is to place the bars on. edge In cither case, the 


Per Cen-V Arid m Eltc^roly^e 



Tin 10 — Cell resistances 2 in electrode spacing at 35*C 


outer bar is slightly higher than the inner so that contact can be made with the cathode 
or anode support bars without mterference with each other Separate support bars 
can be arranged in any manner to suit local ideas or conditions The advantages of 
carrsrmg the tank bars on the sides of the tanks are n greater percentage of the elec- 
trode surfaces is rendered effective through reducing the space between the electrode 
supports and the solution level, contacts and tank bar insulation ate placed entirely 
outside the tank, simpli/j-ing the problem of keeping contacts clesn and insulation 
dry, a smaller amount of acid mist or vapor comes m contact with the tank bar, reduo 
mg corrosion, a greater circulation of air around the bars is obtained aiding cooling, 
and the copper sulphate formed by corrosion of the tank bars can be washed off without 
falling into the electrolyzing cell The mam disadvantage of the system is the neces- 
sity of supplying greater aisle space 
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Insulation, — Tanks arc insulated from their foundations by glass blocks or por- 
celain insulators between the tank supports and foundations. Wetting of these 
insulators by solution leaks can be prevented by covering them with sheet-lead caps. 
The electrode-support bars and tank bars are insulated from the tanks bj'' wood strips 
and blocks impregnated with tar, oil, or other waterproofing material. Bus-bar 
lines arc supported on glass or porcelain insulators or are suspended by some type of 
strain insulators from the tank-floor supports. Solution and water lines are insulated 
by the insertion of rubber-hose connections in the lines, and by supporting the lines on 
wood or tile blocks. All insulation must be of nonabsorbent materials to avoid wetting 
by condensation of water vapor from evaporation in the cells, and from the mist carried 
by gas from the cells. 

Arrangement of Cells. — As many cells are placed in series, electrically, as the 
power equipment will permit. The maximum voltage limit of the direct-current 



equipment divided by 3.75 is a safe figure to use in determining the number of cells 
to be connected to one power unit. The absolute maximum load should not be 
attempted as some leeway is desirable from an operating standpoint. Some of the 
earlier plants were designed for a maximum of 4 volts per cell, but this figure has been 
found to be too conservative. 

As many cells niaj^ be placed in series or cascade, as regards solution flow, as is 
desired. Six to nine cells in solution series is the usual number. Working conditions 
and economy arc the determining factors. The grouping at Great Falls and Ilisdoji 
is ill cascades of six cells. Twelve cells are placed side by side, as closely as safe 
insulation will permit, in a double row or cascade. This arrangement saves space 
ns the working aisles arc between each double row. Tank bars are jdaced on the 
sides of the tanks next to the aisles, leaving the inside tank edges for the insulated 
^'nds of electrode support bars. This arrangement is shovai in Fig. 8. At Trail, 
tlic tanks arc placed in a series of nine to a cascade. The two tanks side by side in 
<?ach double civscadc are constructed as a single unit with a common center wall. 
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By placing more cells m a cascade, less floor space and less copper arc required, 
but the cathodes must be transported further for stripping and more operating labor 
IS necessary It is customary, when tanks are to be cleaned, to cut a double cascade 
out of the electrical circuit at one tune Therefore, with the same number of cells 
per unit, the greater the number of tanks per cascade and the greater the proportion 
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of a unit cut out for cleaning Any accidents such as the breaking of a solution 
feed line over a tank or a leak m the roof of the building w hich migh* n ash impurities 
into a cell and contaminate the following cells ui a cascade, are less serious if only a 
few cells are in senes 

Solution System — Solution to be fed to the electrolyzing cells is usually pumped 
into storage tanks placed at sufficient elevation to give a gravity flon from the storage 
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to the cells. Iron pipes may be used to conduct this solution to the cells as it is 
neutral in reaction and free from copper. Lead lines with flanged joints are preferable 
to iron, however, as some basic zinc sulphate and calcium sulphate are precipitated 
from the solution as cooling progresses, and build up in iron pipe more quickly than 
in lead. Also, there is always more or less danger of external corrosion of iron lines 
through occasional leaks of acid solution and by the condensation of acid mist from 
the cells. The feed lines are usually carried under the floor along the upper cells of 
the cascades, and a riser tapped in for each double cascade. A pipe line extending the 
full length of the cascade is connected to the riser, and each cell of the double cas- 
cade can be fed through branches equipped with valves to regulate the flow to each. 
Wood launders over the cells are used as header lines to carry the, solution to the 
cells at the Magdeburg plant. The individual cells in this system are fed by means 
of rubber siphon hoses from the launder to the cells. The problem of regulating 
the flow in the launder to prevent spills and the extra space above the cells taken up 
by the launders prevent this sj^stem from being easily adaptable to the usual arrange- 
ment of electrolyzing cells. 

At Great Falls, solution is fed into the head cell of each cascade at a rate that will 
maintain the acid strength in that cell at slightly less than the discharge from the last 
cell of the cascade. The first cell discharges into the head end of the second cell, the 
second into the third, and so on down the cascade. The last cell discharges into a 
launder that carries the spent electrolyte to storage tanks for the leaching plant. 
Neutral solution is fed into each cell but the last in sufficient quantity to maintain 
practically constant acidit}" throughout the cells, except the last, in a cascade. The 
last cell brings the acidity up to the desired strength or, from another viewpoint, 
depletes the zinc content to the desired point, therebj'' acting as a control cell. The 
acid content of each cell is determined at regular intervals and the feed to each cell 
so regulated as to give the desired acidity. By maintaining practically constant 
acidity in each cell, the voltage required is kept at a minimum. It is unnecessary to 
mix any acid with the neutral feed solution in order to keep the acidity of the upper 
cells up to the average. Each cell generates its own acid requirements and receives 
its own portion of feed, except that the lowest cell in each cascade usually receives 
only the discharge from the cells above it. 

The rate of flow increases from the first to the last cell, the volume being cumula- 
tive; but no improvement in efficiency of the cells having the higher rate of flow lias 
been noticed. No baffling arrangement is necessary to maintain an even distribution 
of solution in the cell as the gas evolution at the anode is sufficient to supply the 
necessary circulation. As the current density increases, the rate of zinc deposition 
increases, with an increased evolution of oxygen at the anode, and the gas evolved 
increases the rate of circulation proportionately to the requirement of fresh solution 
at the electrodes. 

Cooling. — The elect rolj’tic-zinc cell operates best at a temperature of between 
35 to 45® C. A large proportion of the power delivered to the electrolytic-zinc cell 
is dissipated as heat, and the amount of heat dissipated increases with an increase in 
current density. Some heat is carried out by the spent electrolyte and some is 
radiated, but at the current density usually employed in practice, it is necessary to 
supply some additional cooling. This is usually done by passing water through coils 
placed in the cells. A current density of 30 amp. per sq. ft. or over requires at least 
50 ft. of 1-in. cooling coil for each cell. The amount of cooling water passed through 
the coils depends on the temperature of the water and the efficiency of heat transfer 
in addition to the other cell conditions of current density, acidity, electrode spacing, 
etc. In any case the amount of cooling vratcr needed is quite large and will vary from 
G to S gal. per min. for each ton of zinc produced per 24 hr. 
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Cooling coils are common!} made of lead, as most other materials that have been 
tried are not satisfactory either m their ease of construction, resistance to corrosion, 
phjsical strength or ability to transfer beat efficiently Two to four coils are used 
in the ends of each cell head pipe of approximately 1 m in diameter is usuallj used 
The cooling water is not usuallj passed through a single coil, hut two or three coils 
are placed in series in order to obtain the greatest possible amount of cooling from 
the M ater The cooling water supply is earned in mams, which may be of iron pipe, 
but the connections between the mam and the lead coils are made with short lengths 
of rubber hose which act as msulators The actual amount of fresh water necessary 
for coolmg purposes can be reduced b} using a closed S}'Btem and by passing the 
heated water through spray chambers In this case the only additional water neces- 
sary 13 that needed to replace the amount lost by evaporation 

Stripping Equipment. — All methods of stnppmg the zinc deposit from the cathode 
— from removing one plate at a time to remo^ung all the plates in a cell at one tune — 
have been tried The removal of one plate at a tune is too slow and expensive, and 
remo\ mg a full tank at a tune means a large loss of production and danger m * short- 
ing the tank before removing the plates In addition to this, when all the plates 
are removed at once, some pow er-dnven liftmg device is necessary If many plates 
arc removed simultaneously, the current density on the remammg plates is greatly 
mercased If only one third of the total plates are remov ed from the cell, the remain 
Uig plates are able to carry the current for the length of tune necessary to strip the zinc 
At Great Falls the cathode sheets are lifted with hand-operated cham blocks 
running on I beams placed ov er the center Ime of each cascade Nine sheets are lifted 
at a time using a special rack This lifting rack has sawtooth sides, and the teeth 
in the sides are spaced to correspond w ith the cathode spacing The rack m use is 
plai cd on the cathode bars and, as the load is raised, the spaces between the teeth 
on the rack engage lugs riveted to the cathode support bars At the lower end of each 
cascade is placed a stand having nine pieces of S-in channel iron, the centers of which 
are spaced the s ime as the cathode spacing A lengthwise slot is cut m the center of 
each channel iron into w hicli a cathode sheet can be slipped and held upright One 
end of each channel uon is bolted loosely to a supporting stand in such a manner that 
it can be moved in a horizontal plane The load of cathodes is brought to this stand 
and the cathodes slipped into the slots in the channel irons The load is lowered 
until the cathode support bats rest on the channel irons and the lifting rack is dis- 
engaged from the lugs The outside sheet of zinc is removed from the first cathode, 
then the channel supporting that cathode swung to one side, and the inside sheet 
of zinc removed from the same cathode The adjacent side of the second cathode is 
exposed when the first is swung over This second cathode la stripped on one side 
and then swung over and stripped on the other side After all nine cathodes have been 
stripped in tlita manner, they arc swung back into their original position and lilted 
with the lifting rack The cathodes are returned to the cell from which they came, 
being held correctly spaced in the lifting rack 

A hear } knife is used for stripping the zinc deposit from the cathode The deposit 
la struck a sharp blow at one comer with the edge of the knife to loosen »t shghtly 
from the surface of the aluminuni cathode The pomt of the knife is slipped under 
the loosened corner and twisted to break loose the deposit If the iinc deposit 
adherca tightly to the cathode, a wooden mallet is sometimes used to aid the Liufe m 
breaking it loose The zinc sheets, as stripped, are placed on small narrow gauge 
cars These cars are used to transport the cathodes to the melting furnaces 

Operation of the Cells —Starting with clean cells, new electrodes and neutral 
solution, the resistance of the zinc coils w so great that little current flows for several 
hours after pow er is put on the circuit The addition of soma pure acid, such as spent 
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electrolyse, immediately increases the flow of current by reducing the resistance. If 
no acid is available, the flow of current is permitted to increase as rapidly as decreased 
resistance, through tlie formation of acid, will permit. Some resistance may be 
removed by **shorting'^ one or two groups of cells in the unit until some current is 
flowing. It is customary^, when starting up a unit from which the acid solution has 
been drained, to add some spent clectroly^te to it from other units already^ operating. 
This shortens materially^ the time necessary^ to get the unit into normal production. 

Starting with neutral solution, the zinc deposited in the first 24 or 48 hr. will be 
rather spongy^ This condition is due to the low acidity’' of the cells; and the zinc 
deposit should be stripped as soon as it is thick enough to break loose from the alumi- 
num blank. As soon as the deposited zinc begins to show a bright surface, the period 
of deposition can bo increased to the normal length of time. When the acid strength 
gets up to 2 or 3 per cent, a small flow of neutral solution is started in the upper cells 
of the cascade and is gradually' extended to the lower cells as the acidity’' increases, 
so that the solution in none of the cells becomes too low in zinc content. Acid strength 
is usually^ not allowed to get above about tAvo-thirds normal until the full period of 
deposition is started. Full current density is generally not permitted until the 
deposited zinc has been stripped once or twice. 

The amount of zinc stripped per man-day varies with the period of deposition and 
with the location of the plant. At Great Falls, using a 24-hr. period of deposition, 
each man cares for and strips the zinc from 12 cells. This is approximately 4 tons of 
zinc. At Trail, each man strips between 5 and 6 tons of zinc per day; and at Risdon, 
using a 72-hr. deposition period, each man strips between 8 and 9 tons of zinc per day. 

Control of acidity is very important in the operation of the cells. Frequent tests 
of tlie acidity’’ are necessary. These tests can be made by titration with standard 
sodium carbonate solution, by’’ use of a liy’’drometer, or with an electrical-measuring 
device. 

The clectroly^zing cells must be periodically cleaned for several reasons. IMany’’ 
ores contain soluble manganese, and some manganese is used to ox'idize iron in the 
neutral leach and is dissolved in the solution. Part of the manganese in the electrolyte 
is precipitated at the anode as manganese dioxide. Some of the precipitated MnO- 
adheres to the anode as a flaky' covering, and the remainder settles to the bottom of the 
cell as a sludge. When the manganese dioxide in the cell exceeds a certain amount, 
depending upon the operating conditions of the cell, it must be removed. The insula- 
tion on top of the cells gradually' becomes impregnated with solution and must be 
periodically' renewed. The tank bars become covered witli copper and zinc sulphates 
and must be cleaned at regular intervals. A double cascade of cells is usually cleaned 
at one time. The double cascade is cut out of the electrical circuit, the electrodes are 
removed, the solution is pumped out, and the manganese sludge is removed. The 
insulation is renewed, the tank bars are cleaned and replaced, the electrodes are 
cleaned, straightened, and replaced, and the cells are refilled Avith acid and solution. 
The double cascade is then put back into the electrical circuit. If a spare cascade 
is available, the cleaning cycle can be carried out in a systematic manner without loss 
of zinc production during the shutdown period. 

Care of Worlnnen. — Rubber shoes should be supplied to insulate the men AA’orking 
in the elect roh'zing room. Besides affording the AA'orker protection from becoming 
'‘groundwl” betAveon the main circuit and the floor, the shoes also saA'c him from a 
considerable amount of annoy'ance from stray' currents which, although usually' 
harmless, are alAA’ay's likely' to be present. The acid solutions encountered in the 
electrolyzing room are very' hard on garments made of cotton or mixed wool and 
coUou. The Avorkmen in the cell room are usually' given a clothes allowance or 
furnished clothing made of pure unw'ashcd avooI. Great care must be giA'cn the hands 
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of men coming in contact ivitb acid zinc sulphate solution, othenv lae cracks and sores, 
especiaUj around the fingernails, will result Rubber, or rubberized canvas, gloves 
are often used bj the workmen The spraj rising from the electrolyzing cells is largely 
ovjgen, but each bubble of gas is surrounded by a film of acid solution which is very 
corrosive to the nasal passages Several thicknesses of sterilized cotton gauze placed 
over the nose and mouth w ill effectivelj filter out this spray Each man should be 
furnished w ith fresh gauze e\ erj working day No occupational disease has resulted 
from this work, nor has any extra trouble been experienced in obtaining men for this 
work 

A. frothing agent is added to the cells at Kellogg to prevent the formation of spraj 
This agent is very effective v hen used in a solution of small volume and high zuic 
content, but it is not satisfactory m a low acid system 

Voltage — The theoretical decomposition voltage of zinc sulphate solution is 
approximately 2 35 volts, but the best operatmg conditions require 3 25 to 3 50 volts 
dependmg on current density temperature, acidity, spacing of electrodes, and the 
period of deposition W ith constant acidity, temperature, etc the voltage increases 
rapidly with increased current density, as shown by Fig 12 Resistance of solution 
IS decreased by increasing acidity this effect is quite marked up to 10 per cent HiS 04 
but proceeds more slowlj above 10 per cent HjSOi With 30 amp per sq ft current 
densitj and with an acidity of 5 per cent HiSO<, the voltage required is about 4 0 volts 
per cell at a temperature of SS'C An increase in the acidity to 12 per cent, with all 
other conditions the same as before reduces the voltage to 3 4 volts If the tempera- 
ture and the acidity are both increased, the decrease in voltage is even greater High 
temperatures are not desirable in the electrolyzing cells from the standpoint of the 
increased effect of impurities on ampere efficiency A high temperature is, however, 
advantageous in reducing the power cost of electrolyzmg a solution low enough m 
impurities so that a good ampere efficiency can be obtamed In other words it pays 
to supply the cells with a solution of sufficient purity eo that a reasonably high tem- 
perature and acidity can be maintained At Great Falls, a temperature of over 
50®C has been maintamed for several weeks at a time with a current density of 30 
amp per sq ft During these periods an ampere efficiency of 90 per cent was obtamed 
when a deposition interval of 24 hr was used 

The spacing between anodes and cathodes affects the voltage required for elec- 
trolysis, but cannot be safely reduced much below 2 in without the use of special 
equipment to hold the electrodes m place Electrodes have a tendency to warp 
during continued use with serious results if close spacing is used Also they may not 
hang absolutely true because of unevenness in. the surface of the contacts between 
the support and tank bars, unless special guides are used 

Ampere Efficiency — The ampere efficiency of electrolysis iS calculated by dividing 
tfeisariiiak'jvdji'stviRjjiJ.Vi'j w'raychi Wiw'KWKri'sk^ainad- 

from the current used nus result multiplied by 100 gives the percentage ampere 
efficiency of the process One ampere-hour should theoretically deposit 1 219 g of 
zme from a solution In actual practice, however it is very seldom that an ampere 
efficiency of over 95 per cent of the theoretical is over obtamed for any length of time 
At a current density of 30 to 40 amp per sq ft , an ampere efficiency of 92 to 94 per 
cent 13 considered good work The factors that influence ampere efficiency m the 
operation of the zme cell are the purity of the solution the temperature of the cell, 
the cffccttvcness of addition agents, the period of deposition, and the ratio of zme 
to acid in the solution 

Some harmful impurities can be present in much larger amounts than others 
•without seriously affecting ampere efficiency A great deal of work has been done to 
determine the effect of single impurities and to set safe limits for the amounts that 
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can be present in the solution without loss in current efficiency. The effect of any 
impurity^ and the amount that can be tolerated, is strongly influenced by the other 
conditions that may be present during electrolj^sis. For this reason, the results of 
different experimenters do not always agree, but some fairl3^ accurate averages have 
been obtained for the common impurities. The combined effect of two or more impuri- 
ties, each present in an amount less than the safe limit for that impurity, is a much 
more involved problem than that concerned with the effect of single impurities. The 



Fig, 13. — Effect of time of deposition and ratio of zinc to acid on ampere efficiency. 

effects of some impurities, even in minute amounts, arc greatly aggravated by the 
presence of certain other impurities. The enormous number of impurity combina- 
tions possible, when coupled with the many variations of operating conditions encoun- 
tered in the process, prevents any eas}^ solution of the problem. It may be that in 
the future some general rule relating to the problem can be evolved; but at the present 
time the information pertaining to the effect of impurity combinations deals only with 
certain specific conditions occurring in individual plants, and not generally applicable 
to the process. 
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Tbc tcmpfrtturc at winch the tine cell operates 13 an important factor affeetin;' 
ampere cfiicicno The detrimental action of impurities is increased great Iv, and the 
hjdrogen osenoUage on ime is lowered b> a n«c in temperature Tlic optimum 
temperature for a rmc cell operating betw een 30 to 40 amp per sq ft is usuallj to he 
found liettveen 35 to 15’C Tlic operating costs required to cool the solution below 
35*C are utualh more than the sa\ing m ampere efliciencj , w hilc 8 l) 0 \ e 45*C a good 
ampere elTicicnc) can be obtamed only when the solution to be clcctrohred is excep- 
tionsH} free from impunties 

The period of deposition affects ampere efficiencj as the period of deposition 
increases the effect of an\ impiint} becomes more pronounced With absjolutclj 
pure solution, high ampere efficiency can be obtained with 4S-, 72 9G-hr or e\en 
longer periods of deposition In plant operation it is frequent^ found adxLssble to 
decrease the period to 2t hr or less At Kellogg, using high current densitj, the 
period 13 8 to 12 hr Higdon on the other hand, commonly operates with a deposition 
period of 72 hr without anj great loss in current eflicicncj Most other plants u<c 
either a 21- or 48-hr period Tlie length of time that zinc can be efficient K dcposite<l 
w influenced b> other cell conditions such as temperature, current dcnsitj, aciihtj, 
and the effeetn encss of addition agents Tlie most efficient period for each individual 
plant must be determined bj balancing the extra hbor cost for more frequent stripping 
against the pow cr saved through improi ements in ampere effieicncj 

Tlic ratio of zinc to acid in the solution necessary to maintain maximum ampere 
efllciencj sarics with all the other cell conditions The usual practice is to deposit 
from solution about two-thirtls of the zinc content of the neutral solution, and to 
return the other one-third to the leaching plant If tho amount deposited greatly 
exceeds this ratio, some lo«s in ampere efficiency will result A cell in which the solu- 
tion becomes greatly depicted in zinc has a tendency to c\o1\e hjdrogen Tlin 
condition can aNo be reached if the circulation of solution w ithin the cell is not sufli 
eicnt continuallj to supplj all parts of the cell with an adequate amount of zinc loas 
\ii excessive amount of circulation however is not desirable as it aids the rate of 
corrosion by increasing the amount of acid brought into contact with the dcpositeil 
zinc Hen, as in the other operating conditions, the best rate of circulation must be 
dcterminoil experimentally 

Addition agents such ns glue gouhe and metal salts arc often usetl to aid ampere 
efficiency and to iinprovc tlie physical character of the zinc deposit Glue is the 
most commonly used addition agent, but its use is becoming less as improved metliodv 
of purify mg the solution are developed It is not good practice to rely on the use of 
addition agents if it is po^jsible properly to purify tho solution to be electrolyzed 
riic addition, of one impurity in order to inhibit the action of another is more m the 
nature of an cv asion than a real solution to the problem On the other hand, elec- 
troly tic-zmc plants must be operated at a profit, and any method to obtain the devired 
results should be employed until a better has been developed Nearly all plants o*e 
w>mc sort of addition agent at the present time Tlie presence of an unusual amount 
of cobalt m the electrolyte at Risilon, Tasmania, has made good ampere efficirncy 
cconorniially impossible without the use of addition agents A combination of ghre, 
beta nsphthol, and antimony is added to the electrolyte at Ilisilon, and aropirc 
efficiencies of 02 to 0 1 per cent are obtamed over a 72-hr deposition period 

Another important factor that must be taken into consideration m the mfluenfC 
p! workmen on nmjicre efficK nev Good workmen, conscientious m their care of lh« 
electrolvzingcclLifor which they are ns-ponsdih , can consistently get higher 
on their cells than can w orkmen w ho are somew hat carcles.s In pome plants a bonus 

Is paid to the workmen who, by cariful attention to detail, arc responsible lor tl' 
production of more than a ctrlam specified amount of metal 
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Effect of Imptirities, — The effects of single impurities on zinc electrolysis may be 
determined experimentally if certain necessary precautions are taken. In order to 
be certain of the results obtained, it is necessarj’^ to start with an absolutely pure 
solution of zinc sulphate; otherwise the result will be a combined effect of the added 
impurity along with those alread}^ present, A zinc sulphate solution prepared from 
the so-called c. p. zinc salts is not satisfactory for this work without further purifica- 
tion. The difficulty in applying any set of data on the effect of single impurities to 
actual plant operation is that a plant solution containing only one impurity is never 
obtained. Also, the experimental data are obtained with certain specified cell con- 
ditions which if varied cause a change in the effect of the impurity. These specified 
cell conditions are difficult to maintain with commercial operations on a large scale. 
The experimental data obtained have, however, been of great value as a basis from 
which to guide purification practice and as an aid to the recognition of the most 
injurious impurities. The experimental data have also enabled the operators to 
determine the presence of some impurities from the appearance of the zinc deposit 
without waiting for a complete analj'^sis of solution. 

The impurities encountered in the electrolysis of zinc may be classified, according 
to their general effects on the cell, as cathodic impurities, anodic impurities, and 
beneficial imparities. 

Cathodic impurities have the greatest effects upon the efficiency of zinc deposition, 
and their elimination or control is one of the major problems in electrolysis. When 
a metallic salt is present in an acid solution and an electric current is passed through 
the solution, either the metal can be deposited or hydrogen can bo evolved. INTien 
the decomposition voltage of the metallic salt present is above that of water, hydrogen 
is usually evolved. This is not true in the case of zinc, lead, or cadmium, however, 
owing to the high hydrogen overvoltage on these metals. In the case of zinc, the 
decomposition voltage of zinc sulphate is 2.35, and that of sulphuric acid on a zinc 
surface is 2.4. Therefore, zinc will be deposited at the cathode in preference to 
lo^drogcn unless, owing to the presence of certain impurities, the hj^drogen ovcrvmltage 
on zinc is lowered below the decomposition voltage of sulphuric acid. If any impurity, 
which lowers the hydrogen overvoltage on zinc to the point where hydrogen can be 
evolved, comes into contact with a zinc surface during electrolysis, hydrogen will be 
evolved on the surface of the impurity and zinc will be dissolved. The cathodic 
impurities can be further classified according to their effects on electrolysis. The 
first group includes those metals whose sulphates decompose at a higher voltage than 
zinc sulphate. The common elements of this group are aluminum, sodium, potassium, 
magnesium, and manganese. They have no effect on electrolysis so far as reactions 
at the cathode are concerned. The second group includes those metals whose h^^dro- 
gen overvoltage is high enough not to cause the re-solution of zinc, but whose decom- 
position voltage is less than that of zinc. The common elements of this group are 
lead and cadmium. These have no detrimental effect on the efficiency of zinc decom- 
position; in some cases they maj” even be beneficial. They do, however, deposit 
with the zinc and cause an impure product. The third group includes those metals 
whose hydrogen overvoltage is below that of zinc but whose decomposition voltage 
is above that of sulphuric acid. The common elements of this group arc iron, nickel, 
and cobalt. These metals arc injurious to electrolysis, but do not ordinarily con- 
taminate the deposited zinc. They are soluble in acid and consume power by being 
alternately deposited on the zinc surface and redissolvcd in the acid clectrol}i:e. They 
arc particularly detrimental to electrolysis when present in combination with certain 
other impurities. The fourth group includes those metals of which the sulphate 
decomposition voltage is below that of sulphuric acid and the hj’drogen overvoltage 
islow enough to cause re-solution of zinc. Copper, arsenic, germanium, and antimony 
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belong to this group They are deposited with the zinc and form points of low 
hjdrogen oyervoltage where hydrogen is evolved at the expense of the zme This 
group IS the most mjurious of all impurities The commonly met cathodic impurities 
can all be classified m these four groups when present as single impurities, but com 
binations of two or more impurities especially if from different groups cannot be so 
easily classified 

The anodic impurities include all the anions except those of sulphuric acid The 
common ions of this group are manganate permanganate chloride chlorate per 
chlorate and fluoride Their effect on electrolysis is not so violent as that of thi 
metallic impurities but they very often have a distinct bearing on the amount of 
corrosion occurring in the zme cell Some of them increase corrosion, and some aid 
in preventing it Those anions which increase corrosion of the lead anodes cause an 
mcrease m the amount of lead deposited with the zme Those ions which increase 
corrosion of the alummum cathode cause the deposited zme to cling tightly to the 
sheet This is commonly known as stickmg ” and can become bo intense that the 
zme deposit can be removed onlj by dissolnng in acid 

The beneficial impurities mclude all those used as addition agents While these 
impurities may not be beneficial when used in an absolutely pure zme sulphate solu 
tion they are olten used to prevent the more detrimental eflects of eeitam other 
impurities Some addition agents are beneficial in causmg a smoother, harder deposit 
of zinc Glue is an example of an impurity of this type Manganese m the electrolyte 
accumulates on the anode in the form of manganese dioxide and tends to protect the 
anode from corrosion 

J T Ellsworth at Park City Utah obtamed data on the effects of smgle impurities 
that arc as accurate as any that have yet been published The results of his work 
were published m Volume 42 of the Transactions of the American Electrochemical 
Society EUsuorth prepared a solution of zinc sulphate by burning zinc of high 
purity to form zme oxide and dissolving this m pure sulphunc acid This solution 
was then purified by agitation with zinc dust to remove the last traces of copper and 
cadmium Definite quantities of each impurity tested were added to separate por 
tions of the solution and each was electrolyzed under a standard set of conditions 

Antimony is one of the most injurious impurities encountered m clectrolytic-zmc 
operations Its effect is noticeable at high temperature and high acidity if present 
m only mmutc amounts One part per milhon is apparent even at the normal cell 
conditions of low temperature and acidity The zme becomes spongy and dark in 
color, sprouts small at the surface of the zinc and large at the end, form m large 
numbers and ampere efficiency is much lower The longer the period of deposition, 
the greater will be the effect of the impurity The remedies applied are a more 
thorough purification in the neutral leach, a shortenmg of the period of deposition 
and a lower cell temperature At Risdon however, a small amount of antunonj 
has been found beneficial when there is an unusual amount of cobalt in the electrolj't® 

Arsente, when alone is much less mjunous than antimony The presence of ar=en*® 
in solution, however, is a pretty sure mdication that some antimony is also present 
Arsenic and antimony are both removed by the same methods of purification hut 
arsenic is ehmmated more easily than antimony Therefore, antimony maj be present 
in small amounts without any arsenic, but arsemc is rarely present without antimony 
unless an ore free of antimony is bemg treated The first indications of the presence of 
arsenic m the zme cell are pronounced cornigation of the surface of the zme deposit 
and the absence Oi the usual luster on the deposit This is soon followed bj sprouting 
and by a serious loss m ampere efficiency There is really no excuse for the presenc® 
of arsenic m the electrolyte if efficient methods of control are used m the neutral lea® 

Cohaft will cause re-solution when present m amounts as low as 10 mg per 1 
Bpccial treatment is used At Risdon an addition agent consisting of * 
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naphihol, and antimony is added to the solution in order to prevent the loss of current 
efficiency in the presence of larger amounts of cobalt than are usually encountered. 
Small amounts of cobalt can ordinarily be minimized in their effects by the use of glue 
alone. Cobalt is the most serious impurity commonly encountered in the process. 
While its detrimental effects are not so violent as a like amount of antimony, its 
removal is much more difficult. The pernicious influence of cobalt is much more 
marked when accompanied by germanium than when present alone. Small amounts 
of cobalt are eliminated by the regular methods of purification, but when present in 
large amounts it must be removed by special purification methods. Although cobalt 
lowers current efficiency, its presence in the electrolyte has a beneficial influence in 
lowering the amoimt of lead in the deposited zinc. 

Gcrmaniujn when present in amounts as low as 1 part in 10 million may produce 
adverse effects on the zinc deposit. Although verj" injurious when present alone, it is 
especially detrimental when accompanied by certain other impurities. For example, 
germanium in amounts too low to be detected by ordinary analytical methods will 
show a decided effect on electrolysis when cobalt is also present in the solution. 
Germanium, when present in small amounts, is usually eliminated by the iron 
hydroxide purification in the neutral leach. Some germanium is also removed by the 
regular zinc-dust purification if sufficient copper and cadmium are present, Wlien 
present in any appreciable amounts, however, adequate removal of germanium 
requires special methods of purification. 

Nickel has somewhat the same effect as cobalt. When alone, a concentration of 
0.0001 g. per 1. has no particular effect on ampere efficiency. Any amount above 
0.0005 g. per 1., however, is very injurious. Nickel causes the re-solution of the zinc 
deposit, and may also be found in the deposited metal. Nickel is not commonly 
found in appreciable amounts in zinc-plant solutions. When present, it can bo 
removed with zinc dust if the solution is heated to a high temperature during the 
purification. 

Copper may be present up to about 10 mg. per 1. without much harm to ampere 
efficiency, and with a low acidity, the amount of copper may go even higher without 
serious results. If the usual methods of removing cadmium from solution are carried 
out far enough to produce high-grade zinc, there should never be any great danger of 
copper entering the zinc cell from this source. If uncoat cd copper support bars and 
tank bars are used, the corrosion of copper by the acid mist and by drippings must be 
considered ns a source of copper in the cell. A great deal of care should be taken not 
to wash or knock the copper sulphate formed in this manner into the cells. The 
amount of copper so introduced is normally too small to affect the zinc deposit 
nialerialb^; hut occasional breaks in water or solution lines, or leaks in the cell-room 
roof, may wash enough copper into a group of cells to cause xdolent re-solution in the 
cells affected. The quickest remedy for a condition of this sort is to run fresh solution 
into these cells in order to lower the acidity and to remove the fouled solution as soon 
as possible. The cathodes should also be removed and the deposited zinc stripped 
immediate^" to prevent it from going back into solution. 

Cadmium^ when present in amounts not to exceed 0.5 g. per 1., does not lower 
ampere efficiency or injure the physical condition of the zinc deposit. In fact cadmium 
ni small amounts has been claimed to increase ampere efficiency. Cadmium must, 
however, bo removed from the solution previous to electrolysis if grade A zinc is to 
be produced. The elimination of cadmium is usually accomplished by the regular 
methods of purification. 

Lcad^ like cadmium, is plated out with zinc during electrolysis. iKiad sulphate is 
practically insoluble in zinc sulphate solution, and only very minute amounts arc ever 
found in the solution fed to the cells. The greatest source of lead in the zinc cell is 
from corrosion of the lead anodes or the lead tank lining of the cell. Any factor, then, 
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that will reduce the corrosion of lead in the cell wiU lower the amount of lead in the 
deposited zmc A lurtheT discussion of lead in cathode zinc V.1II bo found later under 
the heading Purity of Zinc Metal 

Iron in amounts up to 0 02 to 0 04 g per 1 has no noticeable effects on ampere 
efficiency Abo\ e that amount, iron begins to cause trouble Ferrous iron 13 oxidised 
at the anode to feme iron, which in turn vs reduced to ferrous iron at the cathode 
This reaction takes power and in this way affects the ampere efficiency Large 
amounts of iron, especially when other impurities are present, may become detrimental 
to the character end grade of the zinc deposit The presence of iron in the electroljte 
vs usually an indicat'on that the iron u as mcompletely precipitated in the neutral 
leach and serves as a warning that the impurities usually removed with iron may 
also be present 

Marganese is usually classed as a harmless impurity It has no great influence 
on ampere efficiency unless present in amounts above 3 g per 1 Large amounts of 
manganese cause the zinc to form » rough spongy deposit w ith many beads and sprouts 
Manganese is deposited at the anode during electrolysis The reaction is partly an 
electrical deposition and partlj a chemical precipitation Manganese sulphate is 
partially oxidized at the anode to permanganic acid, which in turn slowly reads with 
more manganese sulphate to form hjdrated MnOj ITils reaction is practieall^ 
irreversible and the precipitated manganese dioxide remains in the cell Part of the 
Mn02 adheres to the anode, and part falls to the bottom of the ceil as a sludge The 
amount that adheres to the anode seems to be dependent on the temperature and 
acidity of the electrolyte The presence of certain other impurities such as iron or 
cobalt also influences the deposition of MnOi on the anode Current densitj also 
seems to have some effect m this direction Low acidity, low temperature, and low 
current density cause heavy anode coatings If the amount of precipitated MnO* is so 
great that particles arc occluded w ith the zmc deposit, these particles, being saturated 
\Tith electrolyte, become individual cells This “local action ” is detrimental because 
large holes are formed jn the zmc deposit 

Chlorine m amounts up to about 100 rag per 1 does not materially affect ampere 
efficiency It does, however, mcrcase the corrosion of lead anodes Chlorides arc 
easily oxidized at the anode to perchloric acid Trail reports that the amount of 
perchloric acid formed is dependent on the oxidation potential of the anode beW 
anodes, for this reason, produce more than old anodes Excessive amounts of chlonnc 
may also have an effect on the cathode and cause the zmc deposit to adhere tightly 
If the concentrate treated carries silver, the chlorine content of the electrolyte will 
usually be insufficient to cause trouble 

Fluorine has only recently been recognized as the chief cause of the zinc deposit 
“sticking*' to the cathode Any impunty or condition that causes corrosion of the 
aluminum cathode also causes sticking The usual method of coimtcraetmg sticking 
'A bej vt, woiTusSKin Twriyos -WKiiaa., ■gaE&, and- 

hquids have been used to produce a protective coating The method used at Trad 
13 to form a coatmg of alummum sulphate on the cathode by a short soaking” period 
in spent electrolyte Fluorine is normally elimmated by the roastmg process There 
13 no known commercial method of effectively removmg fluorme from zioc sulphate 
solutions 

Nilrates, when present in the electrolyte, have much the same effect on the anodes 
as chlorides Corrosion of lead is increased and the amount of lead deposited with 
ainc 13 larger when nitrates are present 

Sodium, poiassium, magnesium, aluminum, calcium, etc , when present m the nor- 
mal amounts, usually have no particular effect on ampere efficiency or on the phjsical 
character of the zmc deposit Some of these elements are cumulative, however, and 
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if ihc 3 '' build up to large amounts maj’^ become detrimental. At the Norway plant, 
for example, the concentrate contains so much magnesium that solution must be 
discarded at intervals in order to keep the magnesium content within satisfactory 
limits. 

Current Density. — Current density is the strength of the electrical current used 
per unit of cross sectional area of the electrolyte. In the electrolytic-zinc industry, 
it is commonlj^ expressed as amperes per square foot at the cathode. A wide range of 
current density may be used if all other operating conditions are properly adjusted. 
After a careful investigation of all the factors entering into the problem, all the large- 
scale producers have decided that a current-density range of 30 to 40 amp. per sq. ft. 
of cathode surface is the most economical and satisfactory density for their particular 
applications. Going much above 30 amp. per sq. ft. requires special provision for the 
cooling of solution and higher acidity to keep down abnormal power consumption. 
This higher acidity, in turn, requires a higher zinc content in the cell feed and is 
reflected in complications in the leaching system. If a current density much below 
30 amp. per sq. ft. is used, the first cost of plant is high and the zinc deposited is not 
so firm as when deposited with higher densities. Local conditions determine the most 
economical current density for any particular installation. 

An increase in current density is alwaj’^s attended by an increase in the power 
input to the cells because of the higher voltage required. The amount of voltage 
increase necessary will not be so great if the resistance in the cell is reduced by the use 
of a higher acidity and a closer spacing between the electrodes. When acidities above 
12 to 13 per cent are to be maintained, the zinc content of the electrolyte must be 
higher than the saturation point of zinc sulphate at ordinary temperatures. Higher 
temperatures than usual must then be maintained in both the leaching and electrolyz- 
ing sections of the plant. ^ High temperatures are beneficial in the purification and 
filtration steps of the leaching plant, but are often harmful in the electrolyzing cells. 
Settlement in the tliickeners is hindered by an increase in density of the solution. 
Washing the residue after filtration is made more difficult by an increase in the zinc 
content of the solution, and the probable loss of water-soluble zinc is greater. If the 
resistance of the solution is reduced by closer spacing of the electrodes, the number of 
short circuits in the cell is likel^^ to be increased. This condition adds to the cost of 
inspection and stripping. The effects of increasing current density under varjdng 
cell conditions are shown by the charts in Figs. 10 to 13. If the current density is 
increased much beyond the usual low-density practice, it might as well be raised to 
100 amp, per sq. ft. or higher. The usual cooling equipment of a low-density cell 
room is not capable of sufficientlj^ cooling the solution when high density is used. 
Also, if a current density higher than normal is used, special licating arrangements 
must be made in the leaching plant in order to prevent zinc sulphate crytallizing out 
of the supersaturated solution necessary'' to maintain the high acidity required. 

Period of Deposition, — Tlie period of deposition varies from the 8-hr. interval at 
Kellogg to the 72-lir. interval at Risdon. Shortening the period of deposition nearly 
always results in some increase in ampere efficiency, if all other conditions remain 
the same. WTcn some harmful impurity is present, or if the temperature of the 
electrolyte is higher than normal, the effect of a variation in the deposition period is 
more pronounced than if the electrolyte is cool and of high purity. As the period of 
deposition is lengthened, the deposit gradualty becomes rougher on the surface and 
tends to spring awaj' from the surface of the aluminum sheet. Tlie dcpo.sition period 
to be used is determined by balancing the benefits of increased ampere efficiency 
against the increased amount of labor required for more frequent stripping. 

Purity of Cathode Zinc. — The purity of the zinc produced can be controlled partly 
oy var^ung the cell conditions and partly by the amount cf purification carried out 
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in the leaching plant l^lrlty o! solution is the mam factor inQuencing the puritj of 
the metal The unpuiity metals that deposit with zinc must be elimuiated or con- 
trolled The three impurities causing the most concern are cadmium, lead, and 
copper The cadmium content of the zinc deposit is altogether dependent on the 
efficiency of the purification, process The lead content of cathode zinc is dependent 
both on the purity of solution and on cell conditions The amount of copper in 
cathode zme is almost entirely dependent on the amount of copper mtroduced into 
the cells by operatmg conditions 

The presence of lead in the deposited zme is due mamly to corrosion of the load 
anode Normal electroljte, when electrolyzed with platmum anodes, produces a 
deposit containing approximately 0 0002 per cent lead from soluble lead salts m the 
solution The same solution when electrolyzed m a cell usmg lead anodes gives a 
much higher lead m the deposited zme The lead content of the deposited zinc vanes 
y.ith the operating conditions in the cell and increases with the age of the anode 
If the lead anode is enclosed in a diaphragm, the amount of lead in the cathode zinc is 
greatly lowered Any impurity, either in the solution or alloyed with the lead, that 
decreases the corrosion of the lead anode also decreases the amount of lead in the 
deposited zinc 

An oidmary lead anode consists of crystals of pure lead in a matrix of impure lead 
This impure matrix is Usually more soluble under the conditions of electrolysis than 
pure lead Aa long as the crystals of lead are embedded in the anode, with a relatively 
small part of their surface exposed to the intense oxidizing conditions present at the 
anode, Uttle lead peroxide is formed When these crystals are set free, however, by 
solution of the matrix, they present a large surface to oxidation Lead peroxide may 
either go mto solution as lead persulphate and be deposited electrically, or it may be 
carried over to the cathode m the colloidal state and be occluded With the zme deposit 
When the anode is new, it takes some time before the matrix surrounding the crystals 
of lead 13 dissolved Durmg this period only a relatively small surface is presented for 
oxidation and the cathode zme contains but little lead If the anodes arc replaced 
frequentfi', the quality of the zme produced is improved Any metal which, when 
alloyed with lead, tends to increase the resistance of the matrix to corrosion inll 
lengthen the period during which the use of new anodes will produce a low-lead con- 
tent in the cathode zinc All the binary alloys of lead with the common metals have 
been investigated A great many aUoys contaming two or more metals in addition 
to lead have also been tried 

The precipitation of manganese as a scale on the anode is often regarded as an aid 
m lowering the leaxl in cathode zme The formation of some scale is probably bene- 
ficial as a pro tec ton agamst the action of certain anodic impurities An excessive 
amount of manganese scale, however, tends to break away from the anode This 
condition may become detrimental by niechanieally carrymg particles of lead peroxide 
to the cathode The precipitation of manganrae dioxide m the electrolyzing cell 
causes the eventual accumulation of a large amount of sludge in the hottom of the 
cell Periodically the cells must be dramed and tbis sludge removed A frequent 
periodic cleaning aids in the production of zinc with a low lead content 

Any means of preventing lead dioxide from coming into contact with the cathode 
helps to loner the lead in cathode zme The use of a diaphragm smroundrog the 
anode would be very effective in this respect, but no satisfactory form of diaphragm 
cell has yet been dev eloped The greatest detriment to the use of a diaphragm w the 
greatly increased corrosion of the anode caused by insufficient circulation in the ceW 
As soon as the diaphragm becomes partly “blinded *' to free passage of the electrolyte, 
disintegration of the anode is enormously increased An abnormal voltage drop 
between the anode and cathode accompanies this condition Another, altbougn 
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less serious, factor against tlie use of diaphragms in the zinc cell is the lack of a cheap 
satisfactory material. 

The addition of an}’' impurity to the electrolyte which will lower the oxidation 
potential at the anode is beneficial in the prevention of corrosion of the anode and 
aids in the production of low-lead zinc. 

Miscellaneous Tank -room Notes. — ^Rotating-disk cathodes have been tried in 
place of stationary cathodes, with the hope of producing a heavier and smoother 
deposit. Their use has never been found to be satisfactory. Only about one-third 
of the rotating-cathode area is immersed in the electrolyte at one time; the remainder 
of the sheet is subject to re-solution of the zinc deposit by the adhering elcctroljTc. 
With disks of the required size, undue warping takes place, which results in the edge 
of the cathode coming in contact with the anode. Stripping the deposited zinc from 
rotating cathodes is a slow and expensive operation. 

Starting sheets of zinc have been tried in place of aluminum depositing blanks, 
but have never proved successful. Thin deposits of zinc tear easily and, when dried, 
become quite brittle. The production, storage, and handling of zinc sheets is a 
difficult problem. Contacts between starting sheets and supporting bars cannot be 
made in a satisfactory manner. In operation the sheets tend to redissolvc at the 
solution line, especially if the solution becomes slightly impure, causing the sheets to 
fall into the cells. The use of aluminum depositing blanks leaves little to be desired; 
they operate with so little trouble that no great incentive is given to the search 
for improved methods. The use of starting sheets would save in the cost of 
aluminum and would have some advantages because of the heavier sheet to be 
melted, but the experience so far with starting sheets has not been particularly 
encouraging. 

If it becomes necessary to discard solution because of an overproduction of sulphate 
in roasting, the solution to be discarded should be depleted to less than 10 g. of zinc 
per liter. A separate group of cells should be used and a higher rate of flow than 
usual maintained in order to prevent overheating. The ampere efficiency on these 
cells will be much lower than normal, but the voltage will also be below average, and 
the actual loss in power will not be of any great consequence. Careful control of 
roasting conditions and a close cooperation among the various divisions of the plant, 
however, make it unnecessary to discard solution except under the most unusual 
conditions. 

Melting and Casting. — Electrolytic zinc as cathode sheets has a very limited 
market. For most purposes the cathode sheets must be melted and cast into slabs, 
^lelting must be done under carefully controlled conditions to prevent an excessive 
formation of dross. Casting of the molten zinc into slabs is a simple operation and 
can be done quite cheaply. The total cost of melting, casting, handling dross, and 
loading slabs for shipment amounts to only about 8 per cent of the total zinc produc- 
tion operatmg expenses, when hand labor is used for casting and loading. 

A reverberatory furnace is commonly used for the melting operation. The depth 
of bath in zinc-melting furnaces is greater than is customary in similar furnaces 
for most other metals. The bath depth of the zinc-melting furnace varies from 30 to 
36 in., depending on the area exposed for heating the bath. With a depth of 30 in., 
the hearth should be about 15 ft. wide by 20 ft. long, TOnle, for construction pur- 
poses, a reverberator}’’ furnace is commonly used, a furnace designed to transfer its 
heat to the bath from underneath would be better suited to the purpose than one 
heated tlirough the surface of the bath. As much melting as possible is done under 
the surface of the bath. In the reverberatory furnace, the temperature must be 
carried so high to drive the necessary amount of heat into the bath that some burning 
of the zinc to zinc oxide is unavoidable. 
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The furnace is hiiilt on a steel pan to prevent possible loss of tine through the 
furnace bottom This steel pan is placed on concrete piers to allon a circulation of 
flir under the furnace The bnct hearth is then built inside the pan Common buck 
may be used for the bottom and hearth, but firebrick is necessary above the metal 
line and for the furnace roof One or more charging holes, large enough to permit 
the passage of several cathode sheets, arc built into the furnace roof These holes 
arc closed except when charging the furnace, bj remote-controlled caat-iron doors, 
usually water cooled Ladle wells, from winch the zinc is ladled while casting are 
built into one end of the furnace These ladle wells are open on the bottom, and the 
sides extend below the surface of the bath to prevent dross from getting into the cast 
mg ladles iind to exclude air from the furnace Doors are provided along flic sides 
of the furnace just above the metal line, for rabblmg and skimming <Iro«3 

Casting is usually done bj hand, using ladles earned from a trollcv running on an 
overhead 1 beam Each ladle holds a little ov cr 200 lb of molten zinc, which is enough 
to cast four slabs The molds arc made of cast iron, and the «labs cast iii them each 
weigh 60 to 60 lb The molds are placed on racks id a straight Imc under the I beam 
Castmg on a rcvolvang wheel to carry the molds is not satisfactory because of the 
rough surface formed on the slabs by \ ihrations set up by the wheel In. order to 
obtain a bright smooth surface on the finished metal, the slabs are skimmed bv hand 
as soon as they are poured Tlie slight film formed on the surface is removed b} this 
skimming along with any air bubbles during pouring After the slabs are cast and 
skimmed they are cooled by a water spraj on the backs of the molds As Soon as 
the metal has set the molds, which are pivoted near the center, are turned over 
and the slabs dumped The slabs arc then stacked by hand and trammed awaj bj 
either hand-drawn or powered trucks A crew of three men can pour, skim, and stack 
30 to 3a tons of zme each working shift 11 ith the larger furnaces, two or more ladle 
wells ladles and mold racks are usuallj provided 

Dro<K IS skimmed from the furnace at regular periods mto some suitable conv fi- 
ance and IS delivered either to a screening plant or to a “dross drum ” In cither case 
the object is to remove as much of the metallic zinc as possible from the dross If 
the dross is to be screened it is cooled before treatment, but if it is to be handled by 
a dross drum it la deliv eied to the drum as hot as possible The dross drum is a 
honzontal steel cjlinder capable of being rotated on its longitudinal axis The 
circumference of the drum is in the form of a modified scroll IITien revolved m one 
direction the charge is thoroughly mixed but when the direction of the rotation is 
reversed, the drum empties itself A dram at one end of the drum allows molten 
zinc, separated from the dross b> action of the drum, to be dramed off 

The metallic zinc recovered from dross is either returned to the melting furnaces 
or used for the production of zinc dust This ‘ treated ’’ dross contains some mrchani 
cally held metal and also an appreciable amount of chlorine from the flux used in the 
braianfi- Tha umtaUjJ'A nwiah be, 'ix.'A’.z.vL ornA rWiwiVKte loA-attA km. 
before the dross can be returned to the leaching system A separate furnace may he 
provided m which, by continued healing, the metallies ate oxidized and most of the 
chlormc driven off In many cases the dross can be sold as a separate product 
Dross can also be reduced to zme dust by reduction w ith coke in an electnc furnace 
Furnace Operation — -Any fuel may be used with which a reasonable control of 
furnace atmosphere and temperature ma> be had In order of preference, the fuels 
are gas, oil, and coal A neutral or slightly reducing atmosphere should be msintamed 
m the furnace to avoid burning the zme The temperature of the furnace gases 
ehould be kept below 600°C , preferably around 

Cathode sheets are charged into the bath of molten zme through a charging door 
in either the roof or side of the furnace As many sheets are charged at one tune as 
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can be accommodated by the handling equipment and the bath of molten zinc. Some 
system such as rollers or slides is used so that the stack of cathodes can be charged 
with the least possible admission oi air. As the stack of sheets falls into the bath,' the 
individual sheets spread, allowing the molten zinc to pass around each sheet. If the 
furnace is large enough, more than one charging door may be pro\’ided, in order to 
spread the charge as much as possible. Ideally, the total charge should pass into the 
bath and out of contact with the furnace gases. Melting should take place under 
the surface of the bath. If the furnace is large enough, most of the heat nccessarj’* 
for melting is absorbed from the molten bath, which in turn receives its heat through 
the layer of dross on the surface of the bath. This ideal method of molting is seldom 
attained because of the large bath of metal necessary if 100 to 150 tons of cathode 
sheets is to be melted during each 24 hr. of furnace operation. In this case it becomes 
necessary to sacrifice some zinc by burning in order to maintain the necessary melting 
rate. Charging and casting arc carried out simultaneously, and the level of the bath 
is held as constant as possible. 

Some air is admitted into the furnace with each charging of cathode sheets, partially 
destroying the reducing atmosphere, and allowing a small portion of the zinc to burn 
with the formation of zinc oxide. A thin film of zinc sulphate is usually present on 
the surface of each cathode. The greater the amount of ^^sprouting'^ on the sheets, 
and the greater the porosity of the sheets — as when produced from an impure solution 
— the more air and zinc sulphate will be carried into the bath per pound of zinc. 
The zinc oxide produced in the furnace and the zinc sulphate from the sheets form a 
^^dross^' that rises and floats on the surface of the bath. This material holds wdthin 
it a high percentage of metallic zinc and forms an insulating blanket that prevents 
efficient heat transfer to the bath. A small amount of dross on the surface of the bath 
is desirable as it protects the surface of the bath from further oxidation. The forma- 
tion of a large amount, however, seriously affects the recovcjy of cathodes to slabs. 
Accumulations of dross in the furnace are removed at regular intervals. If the furnace 
is cooled down to prevent the burning of zinc and the dross is rabbled thoroughly, 
a large part of the metallic zinc held in the dross will drain into the bath. A small 
amount of sal ammoniac used as a flux aids in this separation by dissolving the oxide 
film surrounding the particles of zinc and allowdng them to coalesce. An excessive 
amount of sal ammoniac should be avoided from the economic standpoint. Normal 
consumption of sal ammoniac is about 1 lb. per ton of cathodes melted. Rabbling 
also causes the formation of some oxide; the side doors must be open during the 
operation, admitting air to the charge; and a greater surface of zinc is exposed. 
After being thoroughly worked in this manner, and all the metallic zinc possible 
drained into the bath, the remaining dross is raked out through the side doors of the 
furnace. The dross is then cither screened or treated in a dross drum. In the dross 
drum more sal ammoniac is added, and the resulting metallic zinc is allowed to drain 
out of the ^^dry” dross. A fairly complete separation is thus obtained, producing a 
dross containing about 80 to 85 per cent zinc. From 3 to 5 per cent of the %veight 
of the cathode sheets charged goes into dross, the amount depending on the physical 
condition of the surface of the sheets, the crystalline structure of the metal, furnace 
operation, and the thoroughness with which the dross is treated for the recovery 
of metallic zinc. Less than 4 per cent dross is considered good work for average sheets. 
If the furnace capacity is exceeded, and it becomes necessary" to melt a large part of 
the charge above the molten bath, it is almost impossible to prevent the formation of 
an excessive amount of dross. 

Rross is a desirable source of zinc for lithoponc, high-grade zinc oxide, and zinc 
chloride, much of it being used for these purposes. It is also a desirable material for 
some retort zinc smelters, requiring no roasting and enriching the lower grade zinc 
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malenals treated Ita chlorme content is the only objection to returning it to the 
leaching division If there is enough soluble silver m the calcme being treated to 
remove some chlorine from solution, roasting the dross at 400 to SOO^C -mil reduce its 
chlorine content sufficiently to permit re-treatment in the leaching division If dross 
13 to be re-treated roasting, leachmg, purification of solution, electrolysis, and meltmg 
of the resulting zinc must be charged against the amount of zm'' recovered Zme 
dross mav also be used for the production of zinc dust when reduced bj suitable 
treatment in an electnc furnace Disposal of dross must be determined with respect 
to plant location and cost of re-treatment 

The flue gases from the easting furnaces carry a considerable amount of zinc oxide, 
which can be eCScicntly recovered bj passing the gases through a baghouse Cotton 
bags can be used if enough coolmg pipes arc U'»ed to cool the gases below 130'C 
before entering the bags The material caught is a mixture of zme oxide and unbumed 
carbon, it also con tarns an appreciable amount of chlorme from the sal ammoniac 
flux u«icd m the furnace This material can be disposed of m several ways it can be 
water leached to remove the chlonne and added to the leaching system, it can be 
added to the regular feed to the roasting furnaces, or it can be sold as a separate 
product 

Zme Dust — Zme dust, for use m the purification of solution in the leaching divi- 
sion, IS made bj the atomization of molten zinc wi^h compressed air Molten zme 
13 transferred from the meltmg furnaces to a graphite crucible provided with a suit- 
able heatmg arrangement to keep the zme molten The molten zme, at a fairly high 
temperature runs in small streams through holes in the bottom of the crucible, w here 
it la immediately caught by a blast of compressed air, atomized and blown into a 
settlmg chamber The particles of zme are cooled so rapidly that practically no ouda 
lion takes place Fineness of dust is controlled by air pressure, size of the stream of 
zinc, and the design and location of the air nozzle wuth respect to the stream of zme 

The holes m the bottom of the crucible or pot, through which the moUen zinc is 
earned to the air blast, are subject to a great deal of wear from the zinc stream An 
increase in the size of the hole increases the size of zme particles produced It is 
therefore necessary to maintain as nearlj as possible the onginal size of opening 
This 13 accomplished by bonng boles in the bottom of the crucible into which are 
cemented graphite plugs These plugs are dnlled for passage of the stream of molten 
zinc and are replaceable when the holes become too large This results m a large 
savmg in cost through a much longer crucible bfe 

The shape of the air jet formed by the nozzle or nozzles used in the atomization 
of zme dust 13 of great importance in determining the efficiency ol the operation 
Multiple nozzles are much more satisfactory than a single opening The air nozzles 
should form a jet which, if visible, would have the appearance of a U or crescent 
shaped trough m which the steam of molten zinc is caught The bottom of the jet 
sbmiJd. he hnajn/ic Thavex 

where Blnitk by the molten zinc If the stream of molten zinc strikes too far l>chmd 
this point, some of the zme will be earned up and out before becommg compictflj 
atomized, if too close to this point, the zme stream will not be entrapped 

High air pressures give finer dust, but 75 lb pressure will give a product most of 
which IS finer than 100 mesh The air supply to the jets must be well trapped to 
remove any oil earned over from the compressor, otherwise an explosion maj occur 
in the dust-collcctmg system Finely diiided zinc dust in suspension is highl' 
explosive, and particular care should be taken to keep open flames away from the dust 
plant 

If a classification of the zinc dust particles is desired, sufficient air is drawn 
through the chamber mto w hich the dust is blown to carry out the finer particles 
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This fine dust is then caught bj" suitable collecting equipment. If no classification 
is desired, the chamber is vented through bags or other filtering equipment located 
over the chamber and discharging into it. 

Zinc dust is usually produced only for local consumption, but is sometimes sold 
as a separate product. Because of the high purity and relative coarseness of the 



usual rJno dust made by clcctroly tic-zinc plants, it is not entirely satisfactory for 
use in cyanide plants. 


GENERAL PLANT DATA 

Labor. — The total labor required for operation and maintenance, including ever}’’- 
thing from the unloading of the concentrate to the shipping of the finished zinc, will 
vary from 1.5 to 2.0 men per ton of zinc produced, depending on the capacity of the 
plant and the grade of concentrate treated. Low-grade concentrate requires more 
men in the roasting and leaching divisions, per ton of zinc produced, than liigh-grade 
concentrate. Increasing the capacity of a plant decreases the number of men required 
per ton of zinc. A high percentage of the labor required is what is usually termed 
unskilled labor. Working conditions arc such that a good class of labor is attracted. 

Power. — The actual power required for deposition of zinc at 30 amp. per sq. ft, 
will average about 1.5 kw.-hr. direct current per pound of zinc. Assuming 93 per 
cent conversion cfiiciency from alternating to direct current, appro.vimateb" 1.6 
kw.-hr. alternating current ^Yill be required per pound of zinc. This is 3200 kw.-lir. 
per ton of zinc, Auviliarj- power for the roasters, leaching plant, casting, com- 
pressed air, etc., varies in its relation to the power for the electrolyzing cells witli the 
size of the plant and the grade of concentrate being treated. For a plant producing 
100 tons of zinc per day from a 50 per cent concentrate, the auxiliary power will 
amount to less than 10 per cent of the total power. This proportion of auxiliary 
power decreases as the size of tlie plant increases. Assuming 10 per cent for auxiliary' 
power, the total power requirement for a 100-ton plant will be 3560 kw.-hr. per ton of 
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*mc, or a total of 15 000 kw required Dccreising the current density decreases the 
total power requirement slightly 

Auxiliary Equipment — Leaching in 30-ton Pachuca tanks requires 125 to 150 
CO ft of free air per minute per tank This air is supplied at 20 to 30 lb pressure 
Some air is also required for agitation of pulp in filters, opening of thickener spigot 
lines and various other purpO'cs It is desirable that air higher than 30 Ih per 
sq m should be furnished for these purpose's The manufacture of zinc dust requires 
an air pressure of at least 75 lb per sq in TJie volume of air required for zme-dust 
manufacture depends on the number of nozzles and the size of the stream being 
atomized For all purposes, an aserage 100-ton plant should have a capacity of at 
least 1000 ca ft of high pressure air per minute 

Some steam is used for heating solution m the leaching plant, in addition to the 
amount normally required for heating s anous bmldmgs The amount required for 
heating buildings tmU depend on climatic cond tions and the type of building con- 
Btruction Some heat is generated in the leaching tanks, the temperature averaging 
50'C or higher, and the large area exposed by the surface of the thickeners allows 
much of this heat to be radiated Tins reduces the amount of steam heating neces- 
sary in the Jeachmg plant A similar condition exists in the electrolyzing division, 
but not much of this heat caji be conserved because of the amount of xentUation 
required No extra heat is required m the roasting and casting divusions bey ond that 
needed to keep the air and w atcr lines from freezing 

Hater IS required in mcreasingly large quantities, as the current density is 
increased for coohng the cells If the plant is go arranged as to permit proper dis- 
tribution, the water for coohng the cells may be used again for all tne other require 
ments of the plant The only exception to this is tlic water used for coohng the 
transformers Tlie cell requirement — 6 to 8 gal per mm per ton of zinc daily output — 
13 more than sufficient in volume for the other requirements If reasonable care is 
taken of the cooling apparatus in tlie cells, the water will not be contaminated from 
this source 

A small foundry for making copper, bronze and lead eastings of spare parts for 
replacement of equipment in contact with corrosive solutions, is almost a necessary 
adjunct to an electrolvtic-zmc plant It wall prove to be a highly profitable mvest 
ment Carpenter pipe boiler blacksmith, electnc, and machine shops are needed 
to build and install new equipment and to care for the regular maintenance work 

First Cost of Plant ■ — The first cost of an electroly tic zme plant, includmg all 
auxiliary departments water system, trammmg sy stems, bms, etc , will vary from 
530,000 to $40 000 per ton of daUy zinc capacity The cost depends on the size of the 

plant, type of construction, cost of labor and supplies, and the location of the plant 
A large plant built under the most favorable conditions would probably cost about 
$30 000 per ton of daily zme output A plant of only one-half the capacity of the 
Izoi-gw, samm r-undAruns, wudii proba’dly co^ to pM 

Pow er conversion equipment and motors make up the largest single item of cost 
The second largest item is made up of electrolytic cell equipment such as aluminum 
cathodes lead anodes, coolmg cods tank hnmgs copper bus bars, conductor bars 
and other items made of copper or lead hluch of the leaching equipment is of 
copper, lead, or bronze Roasting and leaching equipment is almost all of standard 
design and, for this reason, has a higher salvage value than if made specially for uidi 
vidual applications 

The first cost of an electrolytic zme plant depends less or the grade of material 
treated than that of a retort plant The electrolyzing division and the melting and 
castmg division are altogether dependent on the amount of zme produced regardless 
of the source Much leaching plant eijuipment is dependent on the volume ol soli 
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tion to b(i handled and, therefore, on the zinc output. The roasting eqxiipment neces- 
sary is largely dependent on the grade of concentrate. This is also true, to a largo 
c.\tent, of some of the leach ing-plant equipment. The roasting equipment required 
for a given zinc production is roughly inverseb^ proportional to the grade of zinc 
concentrate treated. The first cost of a plant of this kind, therefore, decreases as the 
grade of concentrate increases. 

Recoveries. — If adequate means are provided to collect the dust from the roasting 
furnaces, the total losses in the roasting division will be almost negligible. The 
amount of dust carried out of the furnaces by the flue gases is usually high when 
roasting flotation concentrates in multiple-hearth furnaces, but is mostly a circu- 
lating load wlicn proper equipment is used. The onl}*- other source of loss in the 
roasting department is through screening and cooling of the calcine and in crushing 
oversize calcine preparatory to returning it for further roasting. 

The Icaching-plant residue contains unroasted zinc sulphide from the calcine, zinc 
ferrite insoluble in the leaching process, some zinc oxide not dissolved in the leaching 
solution, and any zinc sulphate not removed when the residue is washed ndth watei . 
The total loss of zinc as residue is the largest single loss of the electrolytic process and 
may account for as much as 20 per cent of the total zinc ndth a particularly unfavor- 
able zinc ore. The loss of zinc as ferrite is usually the main part of the residue loss. 
In case of ver^’’ pure ores, however, the loss of zinc as sulphide may exceed the loss as 
ferrite. Any unroasted zinc sulphide carries approximately twice as much zinc as 
sulphur. A 0.2 per cent sulphide sulphur in the calcine, therefore, will mean a loss of 
0.4 per cent zinc, which is equivalent to 1 per cent of the total zinc in a 40 per cent 
concentrate. A concentrate containing much iron will produce a corresponding!}' 
high percentage of residue with a large loss of zinc as ferrite. As has been previously 
pointed out under the discussion of the formation of ferrite, the amount of ferrite 
formed cannot be definitely predicted from an analysis of the concentrate bceaxise of 
the fact that the intimacy of contact between, the particles of zinc and iron influences 
the completeness of combination. It can be assumed for general purposes, however, 
that as the iron content of tlie concentrate increases, the amount of zinc ferrite loss in 
llic residue also increases. TJie real measure of efficiency of the leaching process is 
shown by the amount of undissolvcd zinc oxide remaining in the residue; good oper- 
ation rcqxurcs that the amount of such zinc in the residue should be less than 5 per 
cent of the total zinc in the residue. Wlien treating a concentrate containing approxi- 
mately 55 per cent zinc, the total zinc in the residue should not be more than 6 per cent 
of the zinc in the concentrate; of this amount, 8 per cent^ — or about 0,5 per cent of the 
zinc in the concentrate — will bo present in the residue as zinc oxide. The amount of 
zinc lost in the residue as zinc sulphate will be approximately twice that lost as zinc 
oxide. In other words, about 10 to 20 per cent of the total zinc in the residue, or 
about 1 per cent of the zinc in the original concentrate, will be lost in the residue as 
zinc sulphate. The normal zinc loss in re.sidue from a high-grade concentrate con- 
taining 55 per cent zinc may be summed up as follows: 0.2 per cent of the sulphur 
unroasted will cause a loss of 0,7 per cent, undissolved zinc oxndc will cause a loss of 
0.5 per cent, zinc sulphate not washed from the residue will cause a loss of 1 per cent, 
and the insoluble ferrite uill cause a loss of approximately 3.S per cent. This is a 
total loss of C per cent. As the zinc content of the concentrate decreases, with a 
corresponding increase in the iron content, the percentage loss from sulphide and 
ferrite will increase, and the percentage loss as zinc oxide and zinc sulphate will 
decrease. With a concentrate containing 40 per cent zinc, the residue loss will 
amount to about 12 per cent of the tot.al zinc. 

Figure 15 gives a formula for determining leaching recover}’ (recovery from calcine 
to residue). It is based on tlie fact that tiie amount of zinc in a definite amount of 
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calcine tliat is insolnWe m 1 ptr HsSOt equals the amount of such insoluble line 
in the rfffldue produced Irom this calcine Tlie reco-v cry calculated froni this graphic 
formula does not include anj loss in punfication residue 

The amount of punfication residue produced and the amount of ainc in such 
residue depend mamly on the amount of copper and cadmium m the solution to be 
punfied, and therefore on the amount of zinc dust used for punfication of solution 
The punfication residue also contains some basic sulphate precipitated from the 
solution and solids oierflowmg the neutral thickeners The amount of zinc from 
these sources makes the zme content of this residue approximately equal to the 
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Tlo. 15 — Graphic zinc»TCCOVerj {ormula (based on fact that insoluble zinc in calcine 
equals insoluble zinc in residue) 

amount of zinc dust used for purification Treatment of the purification residue for 
the rccotery of the zinc and separation of the copper and cadmium mil recoier 00 to 
95 per cent of the zme content M ith adequate treatment, the net loss of *inc from 
this source should not be more than 10 per cent of the zinc dust used 

There ts no loss of zinc in the clcctrolyzmg division, other than that from mwt or 
spraj from the surface of the cells, unless acid is discarded W ith careful control of 
roasting and leaching operations, there is really no necessity for discarding acid 
Lrcn if It docs become necessary for a plant to discard some acid, the loss of zinc Ifom 
this source can bo minimized by depleting the zinc in this solution to 1 per cent of 
If Ihe dust in furnace gases w properi; collected, there should be practicaU^ 
zme loss in the melting and casting di\ «ion Tlie onlj loss in this case w a result of 
handling and treating the collected dust and the zme dross producwl by the nichmg 
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operation. The total loss in this division should not be more than 0.10 per cent of 
the total zinc entering the plant. 

There is always some loss of zinc through handling solution and calcine. The 
total loss from handling sho\ild not be much ; the amount depends on the arrangement 
of the plant divisions and on the provisions for handling occasional spills of solution. 
The sum of all such losses in the leaching and electrolyzing divisions should not exceed 
1.0 per cent of the total zinc loss. 

Starting "with a concentrate containing approximately 55 per cent zinc, 0.6 per 
cent copper, and 2 per cent iron, the expected losses should be about as follows: 
roasting, 0.75 per cent; 1 caching-plant residue, G.O per cent; purification residue, 
0.25 per cent; melting and casting division, 0.10 per cent; general handling, 1.0 per 
cen t ; total, 8. 1 per cent. This is an over-all recovery of 91 .9 per cent from concentrate 
to finished zinc. 

By-products. — The location of the plant with respect to markets for the sale of 
by-products limits the value and the production of these materials. Common 
by-products, whicli may be produced in connection with regular plant operation, are 
.sulphuric acid, zinc dust, zinc oxide, lithopone, zinc salts, cadmium, and cadmium 
salts. 

Sulphuric acid can be profitably produced from the roaster gas of an electrolytic- 
zinc plant if a satisfactory market exists for this product. When high-iron concen- 
trates are to be treated, however, close temperature control is required and the upper 
hoartlis of the furnace must be kept cool by the admission of air to prevent the forma- 
tion of an excessive amount of ferrite. A condition such as this renders the production 
of sulphuric acid unprofitable unless the value of the by-product is such that it is 
cheaper to provide some special method of residue treatment to recover the zinc 
combined as ferrite and to produce acid from the roaster gas. 

Some sulphuric acid is produced by sulphate roasting and the subsequent elec- 
trolysis of the resulting zinc sulphate. More or less zinc sulphate is formed depend- 
ing on the conditions of roasting. Also, if the iron sulphate formed during roasting 
is not decomposed in the lower part of the furnace, the S 04 radical will unite with 
zinc to form zinc sulphate during the reactions in the neutral leach by which iron 
hydroxide is precipitated with excess zinc oxide. This is a source of sulphuric acid; 
hut acid is expensive to produce in this manner, as tlie spent electrolyte must be 
evaporated in order to obtain a marketable product. If, however, a market is also 
available for lithopone or zinc sulphate, such acid can be profitablj'^ utilized. 

Zinc dust is produced primarily for the purification of solution. The high purity 
and relative coarseness of the dust normally used for this purpose makes it undesirable 
for market purposes. There is no objection to the use of dust containing some lead 
and cadmium in the regular zinc-dust purification. Therefore, if a suitable market 
exists, it is very easy to lower the purity of the dust produced without affecting the 
elTiciency of the dust used for local consumption. The dust can also be produced in 
any dasired degree of fineness by slight changes in the atomizing process and by 
classifying the dvist while it is being collected. 

Zinc dross is ver}' often sold .as a by-product of the clcctroly tic-zinc process. 
Mucli of it has been used in the production of lithopone, high-grade zinc oxide, and 
for zinc chloride. Zinc dross is also a desirable material for some retort smelters as 
it is very' high in zinc content and rcquirc.s no prclirainar}^ treatment. Whether 
zinc dross is sold as a bj’-product or rc-trcated for the production of zinc depends on 
the location of the plant and the existing markets. 

Zinc sulphate solution suitable for electrolysis is of a high degree of purity except 
for manganese. Wlicn manpanc.se has been removed by the usual methods, the 
resulting solution is of o.xreptional purity and is highly dc.sirablc for the production 
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low moisture content by keeping the cake ''open^^ to passage of the solution and wash 
water. High-grade zinc concentrate produces a residue high in moisture because the 
amount of gelatinous material produced from such a concentrate is high in proportion 
to the amount of sandy material in the residue. As a general rule, the amount of 
sandy material increases as the zinc content of the concentrate decreases. To be 
suitable for the usual methods of treatment, the residue must be dried further to reduce 
the moisture content. 

A direct-fired rotary drier has a large capacity and is cheap to operate, and is 
superior in these respects to other types of drying equipment. It consists of a brick- 
lined steel tube mounted on rollers at a sliglit incline and revolved by a gear-and- 
pinion drive. The material to be dried is introduced through a chute at the upper 
end and, because of the revolution of the inclined tube, slowly passes tl\rough the 
drier to the lower end where it is discharged. The tube is fired at the discharge end, 
and tlic hot gases leave the drier at the feed end. 

Part of the drying is done by contact between the residue and the hot gases and 
part bj'' contact between the residue and brick lining. The lining is exposed to the 
iiot gases for more than half of the revolution and absorbs heat that is later trans- 
ferred to the residue. The revolving motion of the drier carries the residue part 
way up the side of the tube in the direction of rotation, and then the material falls 
or rolls back into the trough. A good contact between the residue and the hot gases 
is given because of this action. The rolling action of the drier gives a product that is 
formed into small lumps or balls. This product can be handled without excessive 
dusting loss and does not tend to hang up in bins or hoppers. The dried material 
contains 10 to 15 per cent moisture. The apparentlj^ high moisture content is due 
to incomplete drying in the centers of the lumps. Further reduction in the moisture 
content is not desirable with this type of drier, as an excessive dust loss from the driers 
and in handling would result; if a lower moisture content is necessary, some other 
type of drier should be used. 

The methods of treating the final residue from the electrolytic-zinc process are 
many and varied. Lead-furnace or copper-furnace treatment of the residue, or a 
combinalton of the two, is the usual procedure if the zinc plant is situated in a locality 
where these methods are economically available. Some wet methods have been 
employed in the past for residue treatment but, as they arc not entirely satisfactory, 
are not now in common use. The margin of profit in treating the final residue is so 
low that not many special methods have been developed; several methods have, 
however, been adapted from other metallurgical process. Among these several 
methods are the Waelz process, the ash-fusion process, and the electro thermic 
process. 

Classes of Residue. — Residue may bo divided into four general classes: (1) that 
containing insufficient values to pay for the cost of further treatment; (2) that con- 
taining lead as the only value of consequence in deciding the method of treatment; 
(3) that in which metals other than lead are present in considerable amoimts, but in 
which lead is in c.xccss of copper in value; and (4) that in which the value of recoverable 
copper exceeds the vahic of recoverable lead. 

The residue from class 1 is a waste product and may be discarded by countcr- 
ctirrenl washing and sluicing. This method of disposal will save some of the cost of 
filtering and ropulping. Tlic difference in cost between countercurrent washing and 
the usual filtering and washing operation offsets the loss of value in the residue, llie 
economies of the two methods for the disposal of a chiss 1 residue must be considered 
in tlic light of local plant conditions before deciding which is the most desirable 
method for any individual situation. The point at which to draw the line between a 
class 1 and a claas 2 residue must also be decided by local conditions. 
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as fume, the residue may then be advantageously treated in a copper blast furnace 
or copper reverberatory. 

A combination reverb era torj’' and lead blast-furnace method of treatment is 
especially well adapted to the treatment of residue containing some copper, an 
appreciable amount of zinc, and not enough lead to make a direct lead blast-furnace 
treatment economically feasible. Part of the residue may be smelted in a reverbera- 
tory furnace and the copper and most of the zinc eliminated in the matte and slag. 
The fume from this operation, high in lead and low in zinc and copper, can then be 
added to the remainder of the residue to make up a blast-furnace charge. In this 
manner the amount of zinc to be slagged in the blastfurnace operation is materially 
lowered, which reduces the amount of slag formed, and the percentage of lead recovered 
is greater. 

Before zinc-plant residue can be treated in a blast furnace, some form of agglomera- 
tion must be resorted to, or the dusting losses will be prohibitive. A fair sinter may 
be made by mixing the residue with foul slag and coal and putting the mixture over a 
Dwight-Lloyd machine. It may also be formed into briquettes, without the addition 
of any otlier material, which are hard enough so that they may bo handled without 
producing much dust. Fume added to the residue hardens the briquettes, and this 
additional hardness may be found advantageous if the residue is treated by the 
combination reverberatory and blast-furnace method. The briquettes may be formed 
by feeding partly dried residue into a pugmill where just the right amount of water 
is added to produce a mixture of the proper consistency. This product is then put 
through an auger brick machine and the resulting ribbon cut into blocks of suitable 
size. These blocks are then dried. The zinc sulphate and gelatinous material con- 
tained in the residue give the material sufficient binding properties to make a good 
hard briquette. 

It is possible to eliminate zinc as a fume, in the reverberatory furnace, but the cost 
of treatment and the cost of subsequent purification of the solution produced from 
such a fume is high enough to offset the value of the zinc recovered. Arsenic, anti- 
mony, etc., arc carried with the zinc fume, and when the fume is leached the solution 
is so impure that special methods must be used to prepare it for electrolysis. 

The Waclz process is a relatively cheap method for the concentration of zinc from 
low-grade material and is used extensively all over the world. The Waclz process 
is especially adaptable to the recovery of metals from zinc-plant residues of all classes 
containing enough values to pay for the cost of treatment. The object of the process 
is to drive off zinc, lead, and other easily volatilized metals and to concentrate them 
ns a fume. This fume is then treated for recovery of these metals. The kiln residue 
contains the nonvolatilizable metals and, if sufficient values arc present, can be 
treated for their recovery. 

The Waclz process requires no preliminary drying of the residue as slimes con- 
taining as high as 40 per cent moisture can be easily treated. The feed is simply 
mixed with the required amount of coke and fed to the kiln. Almost any sort of coke 
can be used. The charge is weighed and mixed in any simple sort of mixing machine 
and fed to the kiln through an inclined chute. 

TJic kiln is a long, horizontally inclined cylinder with a brick-lined steel shell 
supported on riding rings and rollers. The usual slope of the inclined cylinder is 
1 to 0 per cent of the length of the kiln. The kiln is rotated by a pinion driving a 
largo toothed gear fastened around the eircurnfcrencc of the shell. A variable-speed 
motor is preferred on the larger installations. Some sort of stand-by equipment 
should be provided to operate the kiln in case the usual source of power fails. 

The kiln is fired at the lower or discharge end of the inclined cylinder, and the 
waste gases arc carric<l away at the feed end. Ylm normal operating temperature 
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of the kiln is IlOO to 1200®C at the fire end, and 500 to 600'’C at the exit point of the 
gases The kiln is normally operated under induced draft produced by a fan in the 
collecting aystem 

The material to be treated is introduced through a chute at the upper end of the 
inclmed cylinder The rotating motion of the kilti causes the charge to be carried 
part nay up the side of the cylinder in the direction of rotation From this point it 
tumbles back mto the trough at the bottom The tumbling action of the charge 
together with the uiclme of the cylinder, causes the charge to work its way slowly 
down the length of the kdn to the discharge end The charge moves m a direction 
opposite to the gas flow The moisture is evaporated and the charge absorbs heat 
both from mtmiate contact with the hot gases and from contact with the heated 
lining The maximum temperature aJIoicable in the kiln is the Boitenm^ point of the 
material treated If the charge softens and begins to slag all reactions stop immcdi 
ately The success of the aela process depends on the long period of reduction and 
on the fact that the reducing and oxidizing zones are actually superimposed on each 
other throughout the greater part of the kiln 

The fume and dust carried an ay from the tiln bj the hot gases pass through 
settling chnmhers and collectors wl ere the dust i$ settled out The dust is much 
heavier than the fume and can be efficiently separated from it The dust is usually 
returned to the kiln along with the regular charge The fume and hot gases are 
lowered m temperature by passing them tlirough cooling pipes and the fume is col 
lected m a baghouse or a Cottrell precipitator 

The kiln residue is discharged mto any suitable container and is disposed of accord 
ing to the value of the recoverable metal 

The treatment of zme plant residue by the ash fusion gas-producer method was 
developed by the Society des Houill^tes de Samtp-Etienne It has been in use for 
several years by the Vmez works of the Soci^tfi de la Vicille-Montagne Thetmez 
electrolytic zinc plant is too far from a lead smelter to make it possible to treat the 
residue economically by a lead furnace operation 

The zinc plant residue as delivered from the filters is first dried to about 5 to 6 
per cent moisture in a rotary drier The product from the drier is slightly moistened 
•nitb -naler in a mixing machme and briquetted The briquettes are further dried to 
produce a hard firm surface that can be handled n ithout excessive mechanical loss 
The briquettes are added to the furnace along n ith salt cake and the various neces- 
sary fluxes The slag formed contains about 30 to S4 per cent SiOj 18 to 24 per cent 
CaO and IS to 20 per cent FeO A slag of this composition will contain a maximum 
amount of iron with a minimum amount of zme The matte produced by this process 
contains some of the iron and most of the copper silver and gold m the original 
residue Certain other elements such as cobalt, nickel manganese, arsenic and 
antimony are also elimmated with the matte 

The gas produced by the apparatus carries off the volatilizahle metals as a fume 
A considerable amount of fine dust also accompanies the flue gases and is collected 
separately from the fume The fume is cooled and collected by standard methods 
and IS returned to the electrolytic cycle 

Recovery of Zinc from Lead Blast furnace Slag — Zinc can be recovered from lea 1 
blast-furnace slag by suitable treatment in a reduction furnace from which the zme is 
collected as a fume The method used at the Last Helena slag treating plant of the 
Anaconda Copper Mming Co and elsewhere has an advantage over most previous 
methods in that it is able to treat the molten slag direct from the blast furnace* 
thereby saving the cost of remclting It has the further advantage of bemg able to 
melt cold slag more cheaply than by treating back through a blast furnace as pul 
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verized coal is used for heating, and the melting and reduction processes are carried 
on almost simultaneously in the same furnace. 

The plant consists of a slag-treating furnace, steel pipes for cooling the fume and 
gases, and a baghouse for collecting the fume. The furnace is rectangular in cross 
section, the sides, ends, and top of the furnace are jacketed for water-cooling, and the 
furnace bottom is a water-cooled cast-iron plate resting on a concrete foundation. 
Air and coal dust are admitted through tuyeres along each side of the furnace, the 
slag is introduced into the furnace through a charge hole in one end, and the gases 
and fume arc taken off from the opposite end of the furnace. The hot gases and fume 
are cooled by passing through steel cooling pipes and are Sltered through woolen bags 
in the baghouse for recovery of the fume. The fume collects in hoppers underneath 
the bags and is drawn from the hoppers into railroad cars for shipment to the elec- 
trolytic-zinc plant at Great Falls. 

A furnace charge consists of approximately 35 tons of slag. Slag, containing about 
10 per cent zinc, is brought to the furnace in pots and is charged into the furnace by 
raising the pots by a crane and pouring the contents through the charge hole. Blow- 
ing is started, and more molten slag and crushed slag skulls are added until the full 
charge is in the furnace. The percentage of skulls used will vary with operating 
conditions of the lead blast furnaces, but normally does not exceed 30 per cent of the 
slag treated. If sufficient molten slag is available, no skulls arc treated. 

With all molten slag, a furnace cycle is about 30 rain, for charging and 140 min. 
for blowing and discharging. Eight or nine charges can be treated per 24 hr. When 
skulls or cold slag arc treated, the cycle is increased by lengthening the charging and 
melting period, while the blowing time remains nearly constant. 

Tlie zinc elimination is slow until the temperature of the charge has been brought 
up to around 1050 to 1100°C. After reaching the required temperature, the elimina- 
tion of zinc proceeds at a fairly constant rate until the zinc content of the slag is 
reduced to about 3 per cent, when there is a marked slowing down in the rate of 
reduction. From 80 to 85 per cent elimination of zinc in the slag can be obtained 
within a 2-hr. blowing period, but this elimination may be increased to over 90 per 
cent by a longer blowing time. This, however, requires an excessive amount of coal 
for the amount of zinc eliminated and also reduces the capacity of the furnace. The 
most efficient period of blowing and the percentage of zinc recovery are determined 
by the operating conditions and by the value of the zinc recovered. 

The consumption of coal in the slag-trcating furnace varies from 20 to 30 per cent 
of the weight of the slag treated when 10,000 B.t.u. coal is used. Air consumption 
averages about 8000 cii. ft. of free air per minute and is introduced into the furnace 
under a pressure of 14 lb. per sq. in. !Most of the fume comes off during the early part 
of the blowing period. Fume produced at East Helena averages about 70 per cent 
zinc and 6 to 7 per cent lead. 
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PYROMETALLURGY OF ZINC* 

By W K Ingalls* 

Scope of Chapter — Mj contribution to the first edition of “Handbook of Ison 
ferrous Metallurgy edited by D M Liddell was written in 1925 which was just 
pnor to the general introduction of the process of preferential, or selective flotation 
w hieh bj fine grinding made it possible to separate the constituent mmcrals of almost 
anj kind of mixed sulphide ore resulting in the bquidation of many great ore deposits 
previously not of coinmcrcial value and bringing to the metallurgists great supplies of 
very fine ore (so fine as to pass a 200-meEh screen) and introducing new problems in 
metallurgical treatment Furthermore, the efficiency of the flotation process was 
60 improved that the grade of the concentrates was raised to upward of 50 per cert 
m rinc content, with less than 2 5 per cent mlead content, so that the xmc metallurgists 
were no longer much concerned o\er lead recovery, deleadmg having then been done 
in the mills, where it could be done more efficiently than m the metallurgical works 
The metallurgical problems w ere solved by the introduction of improved methods 
of handling dust catching and roasting more partieularlj desulphunxation, in 
which the introduction of the smtermg process played an important part 

Tlie rmc smelters were thus constrained to moderniie their plants m these waj”* 
at great cost Soon followmg such modernization came the mtroduction of the 
New Jersev Zinc Co s process of distilling continuously m vertical retorts and the 
continuous clectrothermic process of the St Joseph licad Co 

I urther inno\ ations w ere the process of refining crude spelter by fractional dis- 
tillalion imentcd and introduced by the I«ew Jersej Zinc Co , cnablingthc distiller 
to produce zinc of 0 9999 fineness w hich was required m the die-casting mdiistn 
that had been growing by leaps and bounds, and which had previously been supplied 
by the electrolytic zinc producers by supcrrcfining of their solutions and the use of 
Biher lead anodes Another innoiation in practice, although it was not new in coi 
ccption w as the more general dezinking of slags and retort residues bj burning the 
zinc out of them either hj the Viaelz furnace or otherwise and returning the zinc 
oxide fume to further processing which made possible nearly 100 per cent extrac 
lion of the zinc from most ores although of course at additional cost 

S>rMie, olA oS ••uA.'MWi'AVwA. vceil dcaVi’ia'i.vun ViCA sjiTm'id. by eirtiie 

of improvements but there has been no new plant of this t j pe built except Dumas in 
Texas The zinc-distilhng plants of the United States using natural gas as fuel have 
survivwl contrar> to expectations 15 jears ago but their fuel coat has increased 
Vdditional zmc-smelting capacity during the last 15 jears has been either through 
the continuoua-diatilhng process or more importantly through further extenswn of 
the use of the electrolj tic process The latter has been introduced in places as remote 
ns Broken Hill m Iiortbcm Rhodesia at Ilin lion in Manitoba and at Cerro de 

» Tla* paper ij » rerlzlon oj l)ie »uthor t rontril ution to the Ilocky S Iount»In i olum* of tke A»»d- 
t*D In«U(ut« of XJ nin* «nd Mrlollurpesl rntmerm 
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Pasco, high in the Andes of Peru, under conditions where beneficiation by reduction 
and distilling would be unimaginable. At the present time, we do not foresee further 
extension of the old process of zinc smelting, although we contemplate its survival. 

In xicvr of these radical changes in the art, it appeared best not to undertake to 
revise the contribution of 1925, but rather to make use of my paper under the title of 
Intermittent Zinc Distilling from Ore that was published in the Rocky Mountain 
volume of the American Institute of Mining and Metallurgical Engineers. The 
privilege of free use of this copyrighted article was generously granted b^'' the A.I.M.E. 

The article is now condensed somewhat and also amended it in such ways as 
have been necessary to bring it up to date. Moreover, the sections on continuous 
distilling and the processes broader in scope and defined as zinc burning are new. 

Some of the preliminar}^ sections describing the travel of zinc ore up to and through 
the processes of desulphurization of course apply to the whole range of zinc pyro- 
metallurgy and also of its electrometallurgy. 

Unloading and Handling Concentrates. — The mhlmun de-waters the flotation 
concentrate as much as possible, especially to save freight, but it comes to the metal- 
lurgist as a stiff mud containing about 10 per cent water. In winter it may freeze 
in the railway cars, which may have to be passed through a thaw house in order to 
permit unloading. This may increase materially the cost of unloading as an annual 
average. In the Middle West a brick house accommodating two box cars will thaw 
their contents in 24 hr. with the use of 3000 lb. of coal. Under prewar conditions, 
unloading by hand cost about 12 to 13 cents per ton ; it was reduced to 6c. by mechani- 
cal unloadcrs, and raised to 40c. when the ore came frozen, which in a year might 
be to the extent of 10 per cent. 

Ore Storage. — Zinc metallurgists who operate plants in close proximity to their 
ore suppb’, especially if the latter is a single mine, require less storage capacity than 
those situated remotely from the ore supply, and especially those who receive ores 
from many sources. The arrangements for unloading ore, storing it, etc., are not 
essentially different from those obtaining in the metallurgy of copper and lead. 
Whenever the desirability of a mixture is indicated, it is generally accomplished by 
drawing from separate bins. 

Drying. — ^Flotation concentrates, arrmng with about 10 per cent moisture, have 
to be dried and screened, and perhaps comminuted to break up lumps. In American 
practice revolving cylinders, internally heated, are used for dr\dng. Plate driers of 
the Lowden type arc also used. For screening, the vibrating sieve is used. Dust 
loss and other difficulties are obviated if the dr 3 dng is performed oidy to reduce the 
moisture content to 3 or 4 per cent, in which condition the ore is easily" handled, letting 
the drvdng be finished b^’' spreading the ore on top of the roasting furnace (see Chaps. 
II, III, and V). 

Roasting. — In American practice the Ropp mechanical furnace continues in use 
among the zinc smelters of the natural-gas fields. Among the zinc smelters which make 
sulphuric acid as a bj^-product there arc survdvals of the Hcgcler furnace. However, 
in all the modernized plants the roasting is now done with circular furnaces of the 
McDougall type, such as the Wedge, Herreshoff, Skinner, and Warncr-Ingalls. 
These furnaces are built with hearths of about 20 ft. diameter inside and 7 to 16 
he.arths in height, the larger of those furnaces roasting as much as 50 tons per day to 
complete desulphurization (much more than that if the desulphurization is not carried 
down so far) and delivering gas containing 5 per cent sulphur dioxide. 

In Europe, furnace,s of the McDougall type are also in use, but in genera] the 
Europe.an roasting is done in Spirlet (mechanical) and Delplace (hand-raked) fiimace.s 
Their capacities are relatively small, say around 10 tons per day, but their efficiencies 
in respect to fuel consumption, degree of desulphurization, and richness of sulphtirous 
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gas are high, and they have been v ell adapted to European conditions, whereas thej 
were unsatisfactory when tned in the United States However, some of the more 
recent plants of Germany were implemented with furnaces of the hIcDougall type 
Except for survivals of old construction, muffle furnaces have passed out of use 
m connection with blende roasting for sulphuric acid manufacture The control of 
the gases from furnaces of the McDougall type is so good that they go directly to the 
Glover towers without need for dispersmg separately the combustion gas from 
carbonaceous fuel 

ith most of the modern roasting furnaces, coal consumption ranges from 20 to 
10 per cent of the weight of the raw ore, t arying according to the type of furnace and 
the quabty of the coal The best practice is nearer the lower figure than the higher 
Instead of coal, natural gas or petroleum may be used With petroleum as fuel 
roastmg maj be done with 12 gal per ton of ore, which would be equivalent to about 
ISO Ib of coal or 9 per cent For the purpose of enriching the gas m sulphur dioxide 
and increasing production of sulphuric acid, brimstone is sometimes burned as a 
booster and plays the part of a fuel The brimstone may be burned m a kiln feeding 
its gas into the ore roaster or it may be burned m the roaster itself 

Most of the Ecvetal furnaces of the McHougall type differ only m details such as 
design of the rabbles and rabblmg arms, their attachment to the central column, and 
the slope of the hearths The 'Warner-Ingalls furnace is distmguished by bar mg 
walls 18 m thick fiat horizontal hearths, complete circulation of the cooling air 
through the rabblmg arms, introduction of the cooling air at the top of the shaft and 
discharge of it at the bottom (which is the reverse of the ordinary), transfer of the hot 
air from the cooling arms through pipes into the four lower hearths, and feedmg the 
ore through vertical drop pipes to a senes of hearths m stages- Through these means 
for the conservation of heat, blende may be dead-roasted without the use of any 
extraneous fuel 

In all the modernized furnaces of the JIcDougall type, a great deal of the efficiency 
is realized from the burnmg of the ore as it showers from one hearth to the hearth 
next below This idea w as further developed at Trad B C , by takmg out the hearths 
of the Wedge furnace between the uppermost and the bottom and lettmg the ore 
shower down This is now described as shower roasting or flash roastmg It has 
the advantages of immensely mcreasing capacity, ehmmatmg the costly maintenance 
of stirring mechanism and otherwise reducing costs These advantages are penal 
ized by a large escape of dust from the furnace with the necessity for providing 
enlarged means for its collection and ro-treatnsent 

At Avonmouth in Great Britain, desulphurization is accomplished by mating 
rejieated passes of raw ore over a very large sintering machme 

In modem zme metallurgical practice, blende roastmg is done with the furnaces 
and adaptations of them already described Many of the varieties of roastmg fur 
naccs formerly described are now obsolete although survivals are atdl to be found m 
use m the older plants The important thmg is that blende roastmg has been made 
autogenous, t e the heat of desulphurization is caused to do the work, and even with 
realization of a surplus of heat that may be utilized otherwise 

The modern furnaces of the McDougall type are economical of labor and fuel 
but requu-e considerable cast iron and ferrochrome in the upkeep and replacement 
of their atirrmg arms and rabbles In dead roasting for subrequent zme distsllatioa, 
the use of iron and ferroalloy may be as much as 1 lb per ton of ore roasted, about 
half as cast iron and hall as ferrochrome Operating labor may be 0 16 to 0 22 mao 
days and use of power, 13 to 15 kw hr In roastmg as a prelimmaiy to electrolytic 
extraction, the temperature is lower and the requirements for iron are less In a 
record of 100,000 tons of ore roasted, the use of cast iron per ton of ore was 0 33 lb 
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and of ferrochrome only 0.026 lb. In shower roasting all these quotients arc reduced 
at the expense of increased cost of dust collecting. 

Sintering. — In the majority of plants treating sulphide concentrates, both in 
Europe and America, the ore is sintered preliminary to distilling. This is done for 
the sake of better desulphurization, which may be carried as low as 0.25 per cent 
sulphur, and for the sake of improved results in distilling, which follow principally 
from (1) the better desulphurization and (2) betterment of reduction. This improve- 
ment may have been of the order of 4 per cent; i,e., recovery of zinc may be raised 
from 86 to 90 per cent with reference to the same ore and same practice. However, 
this is not to be interpreted as a broad generalization; for a plant that -was already 
enjoying good roasting would naturally experience less improvement by virtue of 
sulphur elimination than a plant in which the roasting was not so good. In general, 
we had confirmation of the classic theory that one unit of sulphur holds back two 
units of zinc. 

On the other hand, the introduction of sintering carried with it some penalties. 
It introduced another process, involving the use of heav 3 '' machinerj’^ requiring atten- 
tion, power for driving, and upkeep. It introduced also a new outlet through which 
zinc might escape. However, the total loss of zinc in roasting plus sintering may bo 
as low as 0.5 per cent. In general, it will probably be somewhat higher than 
that. 

In sintering there are two major practices of general use, and two more that are 
of special use, f.c., cmplo 3 '’ed in single plants or by single operators. The major 
processes are the original Rigg method, in which the ore is preroasted down to about 
9 to 10 per cent sulphur and is then sintered. In the United States this is used only 
at Bartlesville. The other process is the Baelen method, in which the ore is dead- 
roasted, or nearl}'’ so, and then is sintered with admixture of 4 to 6 per cent carbon. 

In both these processes the gas that is drawn off from the wind boxes was originally 
so low in sulphur dioxide as to be useless for manufacture of sulphuric acid, and with 
the Bigg method there was consequently a considerable loss of sulphur. At Avon- 
mouth, however, bj' the use a special seal (1928) covering the joint between the pallets 
and the wind boxes, dilution was reduced and gas of sufficiently good strength for 
sulphuric acid manufacture was obtained. This was improved elsewhere by making 
the pallets slide on a wcll-greascd track, mechanicall}’^ oiled. 

The two special processes arc those that arc used at Avonmouth and at Ovcrpelt. 
At Avonmouth, raw ore is desulphurized and sintered b}^ repeated passes, to which 
reference lias been made herein under Boasting. 

In the Ovcrpelt process the ore is preroasted down to 5 to 7 per cent sulphur and 
is then moistened with water to which a small proportion of ferrous sulphate is added. 
The mixture is kneaded and extruded as threads about 4 mm. in diameter and 20 mm. 
long. After drying, these threads are delivered to the sintering machme, which 
is able to take a bed about 20 in. deep — manifestlj" much more than can be charged 
witli fine ore. The purpose of the Ovcrpelt process is obviously to increase the 
porosity of the bed. The sintering is so expedited that the production of 213 lb. of 
sinter per square foot of useful grate area per hour is realized. Desulphurization is 
carried to less than 1 per cent total sulphur, and a gas containing 5 to 5.5 per cent 
sulphur dioxide is obtained and used for making acid. 

In tlic United States the only sintering apparatus used is the Dwighl-Lloyd 
straighl-Hno machine, which functions like an endless belt, the pallets dumping at 
one end. In Europe the Dwight-Lloyd straight-lino machine is used extensively, 
but there Is also a considerable use of the Schlipponbach, an annular machine, in 
which tlic pallets move in a liorizontal plane above a ring of wind boxes and trip foi 
their discharge in a bl.ank segment. 
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There are some differences in control of the operation Some metallurgists prefer 
to produce a hard porous smter, while others prefer a soft friable sinter This means 
that m one instance the ore is more extensively fritted than in the other, and of 
course the nature of the gangue of the ore has a good deal to do with this There 
are also differences m practice in respect to the degree of crushing the sintered cakes, 
the carefulness of sizing, the letum of fines, etc Reduction of cadmium, volatiliza- 
tion, and loss of it ob\ lously occur By the addition of salt to the charge, lead may be 
chlondized and volatilized, the ore being thus purified Such modifications have been 
theaubjectsof patents Reference may be made to the following chapter on. Cadmium, 
page 469 

Dust Collecting — In roasting with multiple-hearth furnaces of the McDougall 
tiTie the escape of dust attams large proportions, and with flotation concentrates it 
inaj rise to 8 to 10 per cent of the weight of the raw ore charged The dusty gas 
escaping from the furnace is commonly led through a brick chamber in which a good 
deal of the dust, perhaps 50 per cent, settles by gravity, and thence through a Cottrell 
precipitator designed for hot gas, for of course the clarified gas must reach the Glover 
tower at a temperature high enough for it to function properly for sulphuric acid 
manufacture 

In a few plants, dust collection is effected by means of improved Siroccos, which 
are highly efficient as dust collectors from cool gas but in the course of time operate 
with unpaired efficiency on hot gas containing lead fume IS evertheless, chamber 
acid has been made successfully with no other means of dust removal 

In roasting a blende cotitainmg cadmium and lead, a large part of the former and a 
considerable part of the latter are volatilized and recaptured in dust and fume In 
roaslmg an ore contaming 0 25 per cent cadmium, the cadmium may commonly be 
recaptured in the flue dust up to a tenor of 4 per cent, all of it as water-soluble sulphate 
Lead is precipitated in the Cottrell fume as sulphate These products maj become 
sources of cadmium and lead, respectively, as by products. 

Conveying, Cooling, and Mmng — The calcines discharged from the roasters are 
conveyed aw ay mechanicallj by closed conveyers, good forms of which are the Jacoby, 
the well known endless screw, and the push-plate The calcmes may he discharged 
into a cooler a long cj Imder revolving m a tank of water, m which their temperature 
maybe so reduced that they may be safely dumped into the bins or tanks from which 
the sintering plant is fed Up to, and through, the smtermg plant all operations arc 
performed m enclosures withm which dust is confined or from which escapmg dust 
may be recaptured 

The calcined or smtered ore, crushed and screened, is mixed With the desired 
proportion of reducing carbon and perhaps the addition of about 1 per cent of sodium 
chloride The function of the latter and the practice in respect of it w ill be discussed 
later For reducing coal a good many materials are emploj ed, largely according to 
avaflability and cost, e g , anthracite fines or duff, coke breeze, a mixture of coke 
breeze and slack coal Major considerations are not to have too much volatile matter, 
the minimum of ash, and the mmimum of sulphur As a reducing agent there is 
some difference m the activity of certam carbons Qiarcoal would theoretically 
be the best 

Reducing coal performs the double function of reducing zinc oxide and also acting 
as a sponge to hold up molten slags and so protect the retorts In most American 
works, the amount of reducing coal used is now 30 per cent or less It used to be 
as high as 45 per cent or more In speaking of these percentages, we alwajs mean 
the wet weight of the material rather than the dry weight of its carbon 

The mixing is done mechanically, m substantially the same way as the mixing 0 
"concrete The same tj pe of machine is employed for both In American practice 
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the mixture is deposited in cars that are trammed to the furnaces, from which it is 
shoveled direetb^ into the retorts. In some European practice the charge is deposited 
on the floor immediately in front of the furnace, and if blue powder and other between 
products are going to be mixed vuth it that is about the only way to proceed. With 
mechanical mixing the responsibility of the mLx-room foreman is great, for thorough 
mixing is important. Even after that has been accomplished there is the possibility 
of resegregation in subsequent handling, considering that the mixture is composed of 
materials of quite different specific gravity. 

Distilling. — In general practice all over the world distilling is performed in a cycle 
of 24 hr., of which the maneuver (the operations of drawing spent residue, scraping 
of condensers, recharging, replacing condensers, replacing broken retorts, etc.) occupies 
5 to 2 hr., the latter being exceptional!}'’ low, and 4 hr. being about the lowest of good 
practice in general. After gas has been turned on, about 2 hr. is reqxiired for the 
performance of preliminary reactions, following which the condenser flames become 
purple and then begin to show tinges of green from burning zinc. The time of active 
distillation is therefore about 18 hr.; the first quarter is a waxing period and the last 
quarter is a waning period. Manifestly, the greater the celerity of performing the 
maneuver, the longer is the period of active distilling, but of course the temperature 
gradient is an important correlative factor in all this. The cycle might bo prolonged 
from 24 hr. to 30, 32, 36, or 48, and improved recovery with less breakage of retorts 
may be obtained, but with some increase in costs and with ingenuity in the arrange- 
ment of human attention. All these cycles have been tried tentatively, especially 
in plants in Oklahoma, and at present at least two plants are operated on a 48-hr. 
cycle. 

The smelteries of Oklahoma operating on a 4S-hr, cycle have raised their percentage 
of zinc extraction from about 90 to about 94, computed on the basis of the zinc con- 
tent of sintered ore entering into the charge for distilling. This improvement is 
accomplished at some increase in cost for labor and fuel, but not so much as to prevent 
a net gain from the operation. The improvement in zinc recovery is ascribable to 
better condensation, resulting from the slower and more regular deliver}’' of zinc 
vapor from the retort, thus ameliorating the bad proportions between retorts and 
condensers that are inherent in the American type of Belgian furnace and 
also the absence of prolongs, the use of which our labor conditions do not 
permit. The cost of fuel per ton of ore increases only moderately, owing to the lower 
furnace temperature. Gas per ton of ore for 48 hr. is about 1.3 times what it is for 
24. The cost of labor also increases only moderately, because in the interv’^als between 
the maneuvers (every other day), there is on duty only a metal drawer, and in firing 
with natural gas (as in Oklahoma) the labor of attending to furnace temperature is 
but slight. Finally, if a plant has a surplus of furnaces, its capacity is not diminished 
by using them in this way. Except under such special conditions, the 4S-hr. cycle 
docs not appear to commend itself. 

Furnaces. — With but few exceptions the zinc-distilling furnaces of the world are 
now gas-hred and heat-recuperative in one way or another. Gas is derived from 
gazogenes, which are installed in batteries near the funmees, or perhaps in a central 
plant from which it is piped to all furnaces. The gazogenes, or producers, themselves 
are of .standard types, and as they are employed in great variety they need not be 
described here, nor even mentioned. Palmcrton to a considerable extent employ.s 
gas from its spiegclciscn blast furnaces, and Itosita has used coke-oven gas, both of 
which come to the same thing as a central plant. In the American Soiithw'cst, 
natunil gas is employed. Distilling furnaces have been fired witli petroleum and with 
coal dust, but those liavc not been common practices and arc of interest only as 
precedents. 
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Except for our Amencan natural gas fired furnaces, almost all distilling furnaces 
are heat recuperative, indirectly if not directly The Hegeler furnaces of the United 
States dehver their products of combustion through waste-heat boilers for generating 
the steam required m the plant, and the credit for that reduces the furnace quotient 
to a reasonable figure, perhaps as low as 1 ton of coal per ton of ore The steam 
generation is usually short of the plant requirement for power and may have to be 
boosted by accessory coal dust firing Steam boilers may follow regenerative tumaces 
but that 13 unusual and ought not tc* be necessary if the checkerworks are of adequate 
capacity, which is not always true Of the truly recuperative furnaces, the con 
tinuous countercurrent system has surrendered to the alternating reversing, or Sie- 
mens, system 

Of the reversing regenerative furnaces there are several major types, but their 
number is not large in respect to differences of principle In one major type there 
arc four checkerworks, two for air and two for gas In another major type there are 
only two checkerworks which are only for preheating air and the gas producers are 
then preferentially put close to their furnace eo as to deliver the gas with as much as 
possible of its mitial heat On the basis of these fundamental differences, furnaces 
will be distmguished according to the movement of the gas currents mthin their 
combustion chambers 

The ongmal Siemens furnace (known as the Auby furnace) has four checkerworks, 
and the gas and air issuing from their ports rise and descend alternately over a middle 
wall Furnaces of this ty pe are used at Rose Lake (Fairmont City) and Palmerton 
m the United States, at Stolberg (Birkengang works) and elsewhere m Europe 
mdeed, quite generally m Germany The Welzer furnace has four checkerworks 
from which the gas and air reverse in alternate directions This furnace is used at 
Overpelt and Lommel, in Belgium, at Uethemannhuette m Upper Silesia and else- 
where The Tamer furnace that was developed at Sclaigneaux is a modification 
of the Welzer and is used extensively at other plants m Belgium and m the north of 
France The Van Guleb furnace has checkerworks for prehcatmg air only The 
gas and air reverse over a middle wall as m the Auby furnace The Van Gulck 
furnace is used at Avonmov th and at Swansea and formerly at Mortagne 

The Dor Delattre furnace, n hich was developed at Budel, also has checkerworks 
only for preheating air It is distinguished from all other distdlmg furnaces Instead 
of having the checkerworks m the infeiior structure, the Dor Delattre has them at the 
end of the superior structure and conveys the gas and air through longitudinal canals 
above the combustion chamber instead of beneath it In the Berzehus works at 
Duisburg the furnaces are of similar design Asturienne has Dor Delattre furnaces 
at Auby and at Aviles (Spam), and u hen VieiUe Montague rebuilt F16ne and Valentin 
Cocq it adopted this form of furnace The Dor Delattre design permits the checker 
works to be built of adequate capacity, only at the expense of floor space, whereas 
when they are built m the loner part of the furnace, they are subject to certain 
limitations and frequently are not made large enough The Dor-Delattre system 
may have some other advantages 

Except the Dor-Delattre furnace, all the regeneratii e diatillmg furnaces have their 
checkerworks in their substructure As to their superstructure it is now difficult to 
classify sharply between the Belgian and the Rhenish type, for whereas some furnaces 
exist m their purity, there are many that share the cbaractcnstics of both types 
The Rhenish furnaces of Europe have commonly 216 to 288 retorts of 2 to 3 cu ft 
internal volume, arranged m three rows, the two fronts being divided mto closets 
each contaming the condensers of two retorts The Belgian furnace has retorts of 
smaller volume, say 1 5 to 2 2 c« ft , and more of them, Che Eor-l>e\atire has 432, 
arranged m six rows but five-row furnaces are more common In the United States 



PYROMETALLURGY OF ZINC 


451 


our Hegeler furnaces have commonly 608 retorts in four rows. The Neureuther- 
Siemens furnaces have commonly 800 retorts in five rows. In general, the tendency 
in the United States has been to reduce the number of rows to four, especially in the 
Hegeler and natural-gas-fired furnaces. American metallurgists generally stick to 
the cylindrical retort, but some have adopted retorts of elliptical cross section, and 
in certain instances their axes are as large as those of the Rhenish retort. In all 
American furnaces the inner ends of the retorts rest on ledges projecting from the 
middle wall. Such construction also obtains extensively in Europe, but wdth the pure 
Rhenish furnaces there is no middle w'all, the arch springing from face to face, while the 
inner ends of the retorts rest on the ledges of a perforated wall or banquette, which with 
retorts of great length, up to 72 in., and even 78 in., w^hen an intermediate support of 
the same nature is provided. In American practice, retorts longer than 54 in. are 
seldom to be observed, although we do go up to 60 in. 

Even with the purely Belgian furnaces the devanture (the front structure) is deeper 
in Belgium than in America, f.e., the condensers do not stick out so far beyond the 
plane of the face of the furnace. The Dor-Delattre furnace has a shield that can be 
pulled up or down, more or less like a Venetian blind, protecting the front of the fur- 
nace against drafts of air. The same thing was in the m'md of E. C. Hegeler when he 
sxirroundcd his entire furnace with a curtain of sheet iron, which also is to be seen at 
Danville. The Rhenish furnaces usually have hoods extending along each front of 
the furnace, connecting wdth a main, through which noxious gas and fume are dravm 
off. Escaping zinc oxide, chloride, etc., may be recovered from this system, but trials 
in the wa 3 ^ of doing so have demonstrated that it is not worth while. The prolongs 
themselves are effective collectors. From a European zinc distillerj” there does not 
hang the great cloud of white smoke that hovers over many American plants. 

The essential requirements of a distilling furnace are economy of fuel, uniformity of 
temperature, and such arrangement of inlets and outlets for gas, air, and combustion 
products that they do not become clogged with dripping slag, dust, etc. Economy 
of fuel results from the proper proportion of retort space to combustion chamber, 
and of chcckcrworks, together with avoidance of excess of secondarj'' air. Uni- 
formitj’' of temperature is accomplished b^^ the proper distribution of combustion and 
restriction of tlie alternating travel of tlie burning gas. In any reversing regenerative 
furnace, whether the currents arc up and down, doum and up, or end to end, there 
will be a neutral zone midwaj', wliere the furnace temperature w'ill be slightly inferior. 
In the old Siemens furnace this zone will be above the middle wall, where there maj^ 
be a fall of 50°C. in the furnace temperature. The metallurgist aims to achieve an 
even glow of white heat throughout the combustion chamber. In furnaces of the 
Welzcr t^T^e (cnd-to-cnd reversal) the neutral zone is probablj*^ reduced to the mini- 
mum, for the gas and air enter alternately through ports almost up to the median 
transverse line. 

Plant Layout. — Modern zinc-distilling furnaces are built entirely" above ground, 
except for their foundations, and are attended from the upper floor. The residues 
drop into side pockets, from which they slide into cars to be trammed away. Some- 
times a mechanical conveyer is provided for that purpose. American furnaces ol 
the Hegeler type and those in the natural-gas fields still have ash tunnels under them 
througli wliich residues are removed. 

In European plants the furnaces are commonly" lined up end to end with the 
retort-tempering ovens between them, several furnaces being grouped in a hall. 
Such a layout exists at Palmcrton, but elsewhere in the United States the furnaces 
are laid out in parallel, each in its own house, except in the natural-gas fields, where 
there arc two per house. In the vernacular of those districts, the separate furnacc.s 
arc called “stoves/^ a pair of them still being regarded as a ** block.” 
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Most zmc-«mclting plants haMng been evolutionary, there are to be observed m 
them unbniances among functional departments and irregularities m equipment, 
such as furnaces of diSetent t jTics, different sues of the same tyjie, and different forms 
and sues of retorts in the same furnace Sometimes metallurgists consider that 
they have good reasons for \ ariations, t e , elliptical retorts in the lower three rows and 
Olindrical m the upper two may be held adtantageous for certain furnaces and 
certain ores The ideal plant has all functions m balance m multiples of two and all 
parts alike m each department Thus, there mas be four roaster«, four acid sj-stems 
two sintcrers and eight distillers, with no bottlenecks among the se^ eral departments 

Retorts and Condensers — ^Tbe essential features of the process of distillmg in 
the intermittent w a> are the retorts and condensers, which are made m a separate 
factorj of the plant that in the American vernacular i® called the ‘ pottery ' From 
this the retorts after seasoning (drj mg) are delivered to the distilling furnaces day 
by daj as required and after tempering in a near bj kiln, where they are brought 
slowly up to tlie bright red heat or as nearlj to furnace temperature as possible, 
they are drawn out for making replacements m the furnace 

Tlie batch for makmg retorts is a mixture of burnt claj {chamotte, grog) coarsely 
crushed and of taw fat clay m proportions of 50 50 to 60 40 The chamotte forms 
the skeleton of the concrete and the plastic raw claj is the binder The more cha- 
motte, the stronger is the retort, the more fine clay, the less porous is it A physical 
balance has to be struck There are also chemical considerations insofar as the 
character and composition of the clays, together mth other materials may be adjusted 
to the character of the gangue of the ore, from which slags will result If the gangue 
is siliceous, the retort should also be strongly sihccous, if the gangue is basic, cither 
from iron or lunc or both, the retort should be alummous or inert 

In accomplishing such purposes, substitutions for parts of the chamotte and clay 
arc made A common substitution almost everywhere m Europe is the introduction 
of coke dust, which should be as fine as possible, to the extent of 10 or 15 per cent 
but m America this is scarcely e!vet used The coke dust tends to gi\e the retort 
Bomew hat of the qualities of a graphite crucible Another substitution is the uitroduc 
tion of some granular quartz, for the purpose of making the retort more siliceous 
Iloweier, inasmuch as quartz has a higher coefficient of expansion than clay, the 
grams of it tend to ha\ c a rupturing effect w hen the retort is heated This is counter 
acted by adding the silica in the form of flour, which during recent years has been 
widely adopted in American practice A mixture might be, for example, per cent 
chamotte, 25 per cent silica flour, and 50 per cent clay Such retorts have donexery 
well with siliceous Joplm ore Another innovation, has been, the use of carbonindiim 
retorts, eg ,65 per cent carborundum and 35 per cent clay , which has occurred both 
in Europe and America and has offered the theoretical advantages of better best 
conductivity and long life With the retort of unchanged diameter other conditions 
remaining the same, the better conductivity may increase zinc recovery by 2 prt 
cent, or the diameter of the retort may be increased (as at Amarillo and Rosila) and 
heavier charging may be accomplished with unduninished zinc recovery Thcbfc 
of the retorts may be tripled With ferruginous ores and furnaces fired with pro* 
ducer gas, however, ventures with carborundum retorts in some instances have 
been quite disastrous, the retorts suffering corrosion from the outside as vv ell as from 
the inside Naturally, the eaiboruntlum retorts are much more costly than the clav 
retorts The carborundum retort is therefore a utensU of occasional rather than of 
general use 

With all tyTies of retorts, it is obvious that the thmner the wall, the better the 
conductivity Practice luw cv cry w here for a long tunc settled on a wall tlueknoiw of 
aliout 1 in and a butt thicknesw of about 2 m As among the ordinary day retorts 
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the graphitized retort, and the silica-flour retort, there does not seem to bo an 3 ^ material 
difTcrence in conductivity as determined pjTometric observ’^ations or in the waj' of 
Zinc recovery apart from the matter of breakage. 

In cross section and dimensions the retorts that are used at present are of wide 
variety. The commonest form of the Belgian retort is circular, 7H to 8 in. in diam- 
eter. Extensivelj’' used also are retorts of elliptical cross section. While we so 
describe them, they are really two half-circles joined by a rectangle, which gives them 
straicht sides. Dimensions may range from 6J4 to 7)4.^* tor the short axis (width) 
and 9 to 12 in. for the long axis (height). As a general principle, reduction in width 
improves penetration of heat, reduces retention of zinc in the residue, and improves 
^ecovcr 3 ^ Height is not a factor in this. Reducing the width of a retort from to 
8 in. brings about a striking improvement, from 8 to further improvement, but 
not so strong, from 7)4 to 7 and from 7 to 6}^ still further improvement, but at 
diminishing rates. In going below 7 in., there is increased difficulty in charging. 

Besides the circular and elliptical cross section there are also the muffle-shaped 
(not much in use now) and the oblong (with rounded edges), the latter to be much 
commended. Different forms and dimensions may be produced b^^ simply changing 
the die of the press. 

In length, inside dimensions, retorts run generallj'' from 48 to 72 in. In European 
practice thej" are longer than in American, for we seldom go bejmnd 54 in. The ability 
to charge well and mechanical strength are of course governing factors. We may 
consider the retort as a hollow beam, constructed of fragile material, supported at 
each end and carrying a uniformlj'' distributed load of perhaps 250 lb. at temperature 
of perhaps 1500°C. 

The cross section of the retort and its length compound into cubic measure, or 
internal volume or capacity. In use in the United States arc retorts ranging from 
1.5 cu. ft. (old) to 2.2 cu. ft. In Europe in some Rhenish furnaces they are of 3 cu. 
ft. In general there has been in recent years a tendency to increase volume for the 
sake of increased charging. Retorts 1.9 m., or 76 in., in length arc on record. 

In all modern plants the retorts arc molded under a pre.ssure of about 150 atm. 
by means of the Mohler or Dor-Dclattre IiydrauHc presses, which are improvements 
of the original Dor press. The molded retorts are transferred to the drying rooms, 
wlierc the^' season by gradual loss of .their water. As freshly molded, tlicy contain 
12 to 15 per cent water and arc introduced into the dr^^’ing rooms at a temperature 
of 60 to 70°F. With a gradual rise in temperature after the first 15 daj^s, their water 
content will have been reduced to about 2.5 per cent at the end of 30 daj’^s, to about 
1 per cent at the end of 60 daj's, and to about 0.3 per cent at the end of 90 days, the 
temperature being graduallj^ elevated to something like 130°F. 

Practice varies in respect to the speed and duration of dr 3 ^ing. Some metallurgists 
use their retorts after a month of drj’^ing, while others insist on 3 months, or 4 months, 
with a slo\Y increase of temperature. There arc records of substantial increases in 
retort life ns a consequence of care and patience in this particular. At the best, a 
retort of clay or other refractorj’ material is an imperfect vessel, being subject to 
porosity, to microscopic cracks, and to differences in strength when regarded as a 
beam. Retorts ma^^ be tested by closing them with an airtight cover, pumping air 
into them under pressure, as into an automobile tube, and painting the exterior with 
a solution of soap. Loss of prcss\irc, which is always rapid, correlates with develop- 
ment of soap bubbles on the exterior, which arc uniform if the retort is homogeneous, 
hut irregular if tliorc arc microscopic rents, which let the air out very quickly. In 
order to counteract porosity, the retorts in European practice arc commonlj" dressed 
inside and out with a slurry' of powdered glass and soda, or similar composition which 
upon burning glazes the retort. Such glazing is seldom done in American practice. 
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In puggmg the mixture of refractory materials and cutting it up into blocks for 
introduction into the press, care is taken to avoid trapping air or to abow f or jls escape 
before pressing Otherwise, it maj be entrained in the molded retort, and may e\cn 
appear aa blisters impairing the quality of the retort At Donora, the Ttettengcl 
pug mill has been modified by interpolating a vacuum chamber between the com 
pression zone and the extrusion barrel and thus de-aerating Tliis has been found 
to increase the mechanical strength of the retort, increase its density, reduce domg 
time, and increase life in furnace, at an immaterial increase in costs for the power 
requirements for the vacuum pump 

Condensers ate made from mixtures of clay as for retorts, but mferior grades arc 
used and old retorts, cleaned of slag and crushed often take the place of chamotte 
In the United States most condensers are of the simple conical form and are made 
by a machine that forces a conical mandril into a conical mold containing the requisite 
quantity of clay A belly may be produced in the tube by cutting out a gore from 
the larger end and drawing the two sides together, which, of course, is handwork 
Condensers have been made by machme molding with a diameter at the large end 
that IS greater than the interior diameter of the retort to which it k to fit it la reduced 
to fit by mir ertmg the molded condenser into a conical nng, u hich 13 called "cnmping ” 
This produces a bottle-shaped condenser and may increase the interior area from 300 
sq m to about 360 Manj different shapes of condensers have been, and are now, 
used The more complicated they become, the more handwork is required The old 
Rhenish condenser was a substantially rectangular tube, rounded at the top The 
Dagner condenser, used m Upper Silesia, is a composition of rectangular tubes 

In length the Belgian conden'iets vary from 18 to 24 in , whde the Rhenish and 
Silesian condensers were about 36 m long Recentlj , some of the Belgian metal 
lurgists have mcreased the length of their condensers, even to as much as 36 m This 
subject 13 complicated and will best be discu^ed further on when furnace operation 
IS considered 

Condensers are sometimes burned prior to use and sometimes are used unburned 
Either way the breakage of them is large, and as wdl be seen subsequently, this is a 
very important matter The breakage is partly mechanical, from careless handlmg, 
and partly chemical The latter is evmced bj splits occurring while the condenser 
19 m place and not bemg handled, such as a longitudinal rent or a rmg rent that may 
let the no<>e fall oR Specks of iron oxides m the clay and the action of hot carbon 
monoxide may have somethmg to do with this 

Coal Consumption — The records are generally not comparable, for thej fad to 
take mto account the value of the coal, the grade of the ore, and other variables, 
among which are both the tj pe of furnace and the proportions of the furnace The 
thermal efficiency of the best furnace is so low that large changes m the charging may 
he mailft wdhAiit. the. VMWwi but- B^eally 

altering the quotient of pounds of coal per ton of ore The temperature of the prod 
ucts of combustion escaping from a regenerative furnace to the chimney is not even 
a true gauge, for though a temperature of SOO^C looks good the volume of the waatuig 
gasea may be too high, which it always will be if the excess of secondary air la too 
great 

Our practical deductions therefore are quite empirical A Hegeler furnace dia- 
tiHing ore of 70 per cent grade mth gas produced from coal of 13,000 Btu may 
give a figure of IH ton per ton. of ore, which with a steam credit of one third may he 
reduced to 1 ton net On the same grade of ore a regenerative furnace mth coal of 
12,000 Btu may give a quotient of 1 1 ton which perhaps might be reduced bj 
hcaviCT chargmg V. ith the best regenerative furnaces and the best practice, coal 
quotients of 0 9 and 0 8 are rather common One furnace « known that with coal 



PYROMETALLURGY OF ZINC 


455 


of 13,000 B.t.u. used onl}'' 0.72 over a month. These figures are very different from 
those of the old direct-fired furnaces that used to consume 3 or 4 tons of coal per ton 
of ore. However, when we look at the New Jersej^ continuous furnace and see 
quotients like 0.5, we are conscious that we still have some distance to go. We should 
not overlook that in intermittent distilling there is a period of 6 hr. or so, including the 
time of the maneuver, when the furnace has to be kept hot vdthout doing aD 3 ' directly 
useful work, whereof 0.8 ton in one case and 0.5 in the other are not perhaps very 
much out of harmon 3 \^ AVe may also be cognizant that the intermittent furnace, 
having to rework a large proportion of intermediate products, is required to do the 
same work twice over. 

Reduction and Condensation. — The zinc oxide of some ores reduces more easily 
than that of other ores. One of the advantages of sintering has been improvement in 
that respect. The activity of the carbon employed as redxicing agent also plan’s a 
role. Apart from such differences, the controlling factors in reduction are tempera- 
ture and time, which are correlative. Time be increased by shortening the 
maneuver or extending the cycle to something more than 24 hr. Temperature is 
limited by the durability of the retorts and the stability of the furnace. In European 
practice there are maximum temperatures of 1400 to 1500® C, ; in American practice, 
1300 to 1400°, but rarely as high as the latter. These are temperatures in the com- 
bustion chamber; inside a clay retort with a l-in. wall the temperature will be 100 
to 200° lower. The front ends of the retorts, resting on shelves, will not be so hot as 
further in, consequently there will be poorl}^ reduced ore in that place. Carborundum 
retorts, because of their superior conductivity, run hotter toward the front than do 
clay retorts. 

AA^hen the reduction of zinc begins and the vapor starts to come over, the prelimi- 
nary’^ reactions have not been fully completed and the gas is high in carbon dioxide, 
which as the temperature falls in the condenser acts oxidizingly*' on the droplets 
of zinc and produces blue powder, from which we are never entirely immune, 
although in the course of time the gas discharges with only'' about 1 per cent carbon 
dioxide. The blue powder, which to the naked eye is merety an impalpable dust, 
realty is composed of microscopic globules, which show frostings and sproii tings of 
zinc oxide that prevent the globules from coalescing. Amelioration of this is the 
rationale of the addition of about 1 per cent of sodium chloride to the ore. A^olatiliz- 
ing it is intended to dissolve the zinc oxide as chloride or oxycliloride and so clean 
the pellicles of zinc and allow them to molt down. Probabty that occurs. Any'^vay 
zinc chloride is found in the prolong dust. This spells a loss of zinc, though perhaps 
no more than will be suffered in redistilling a larger quantity of dust. At all events, 
the addition of sodium chloride to the ore is not essential and in some practice has 
been abandoned. In the absence of salt, the condenser flame is of course deprived 
of the sodium coloration, which is a guide to old-time fumacemen. 

The observation may bo made that in American practice it is common to “stuff'' 
the condensers, f.c., partly^ to close their outlet, allowing the gas to escape throiigli a 
small hole, wliich is kept open by' constant “spicssing." This gives a certain internal 
pressure in the retort and condenser, and if this becomes too much, through inatten- 
tion, the gas and vapor may' break out through the luting around the joint between 
condenser and retort. AVhen prolongs arc used on the condensers, they' are open. If 
tlic prolong is on tightty, the gas escapes through only' the small liole near its end, 

A logical condenser is a long pipe folded in zigzag and enclosed in a closet wliose 
temperature can be controlled, as in the Dagnor condenser of the Silesian furnace, 
but this is not easily' applicable to a furnace of more than one row of retorts or to the 

* In mine this illustrative quotient for the continuous furnace, I have in mind data prior to utiliza- 
tion of the Ka« cscapinR from the condenser. 
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practice of dailj taking down and putting up The Belgian and Rhenish furnaces 
with conden'ers registering with the retorts are restricted m length by thermal condi- 
tions, which w not, perliaps, of great importance inasmuch a<» lengthening may not 
add much to internal superficial area, and increase in girth is restricted by lack of 
room and difficulty in getting at the joint for luting, etc 

As the internal \ olume of the retort is increased and the density of charging is also 
mercased, there should be a corresponding increase m the capacity of the condensers 
Wth a retort of 1 75 cu ft , the condenser may ha^ e 300 sq m of internal surface 
With a retort of 2 cu ft the internal area of the condenser may be 400 sq m The 
latter is about a practicable limit These are only rough guides The correlaticn 
between volume of retort and condenser surface is naturally affected bj the quantity 
of zinc that is charged into the retort and the evenness m distilling it 

Charging — The practice of keeping up the condensers and charging through them 
by spoon prevailed extensively m Europe until recently, but most works have gone 
over to the Belgian practices of making a condenser that fits the retort, taking it down 
and putting it up every day and fillmg the retort by throwing in the charge 

The charger has one of the very responsible po-^itions His work is arduous The 
idea of substituting mechanical charging for hand charging has consequently hcen 
engaging Numerous mechanical chargers have been designed and applied on a 
regular workmg scale These may be generalized as shngers and shooters, the former 
being designed to throw in the charge and the latter to shoot it m 

In general, the conclusion has been that with mechanical chargers there is nc 
luatenal gam. either in labor saving or m efficiency of performance, and that when 
first cost, upkeep, etc are considered, they are not worth while At Bothem (in 
Belgium), however, the Dor Delattre charger, which shoots in the charge, continued 
m regular use for a good many years It put 13 000 lb of ore mto 210 retorts in 20 
mm , and reduced the total time of the maneuv or to 2 hr , leaving 22 hr for dLstdlmg 
Density of Chargmg — Much attention has been given to increasing the densitv 
of the charge, which means mcreasing the number of pounds of ore introduced per 
cubic foot of retort volume Accomplishment of improvement in this direction 
depends on seieral factors, among which are (1) the specific gravity of the ore, (2) 
proportion of reduction material mixed with the ore, for obviously the less reduction 
material, the more room there will be for the ore (3) care with which the charge is 
thrown in, avoiding cavities, and (4) force with which the charge is thrown in An 
expert charger can throw a shovelful of charge into the retort with such force as to 
break its butt A mechanical charger can put a quantity of ore into a given retort 
that in comparison w ith the best hand-chargmg is almost unbelievable, and can do it 
BO densely that a strong man is unable to drive m the spicss rod Such excessive 
density of chargmg may introduce more zinc mto the retort than, after reiluction and 
vaponzmg, the condensers arc able to handle, therefore recovery of zme may he 
impaired rather than improved Up to this critical point, however, mcreasc in 
density of charging is beneficial from the standpoint of metallurgical reactions in the 
Kame wav that a briquetted charge may be beneficial 

In American practice, charging sintered ore weighing about 105 lb per cu ft, 
mixed with 30 per cent of reduction coal, w et weight, about 55 lb of ore per cu ft , 
or 110 lb in a retort of 2 cu ft capacity, is charged, here and there that figure is 
exceeded 

Furnace Chargmg — Although density of charging per retort has a good deal to 
do with the chargmg of the furnace as a whole, the subjects are two different things, 
although this is commonly overlooked, and the two expressions arc commonly con- 
fused The sme that is rciluced and vaporized is not wholly condensed directiv as 
spelter. We may get 65 to 70 per cent of it as direct spelter, the remainder as »nc 
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dust, blue powder, ^Yhicll must be redistilled. Besides the blue powder that is 
skimmed from the ladles and recovered from the prolongs, there are other between 
products that must be redistilled, including the imperfectly distilled ore remaining 
in the front end, perhaps 10 per cent, of the retort, which in American vernacular is 
called the sample*' and in the Belgian vernacular is called the guevleSy or “throats"; 
the cleanings from the condensers; and the cleanings from the pans on the floor along 
the front of the furnace. In good practice these collections may aggregate 20 per 
cent of the weight of the original charge; in careless practice they may run to 30 per 
cent. 

In American practice this entire collection is described as blue powder. With tlie 
Ilcgclcr furnaces it is recharged into the sections of retorts at the chimney end of the 
furnace. With the Siemens furnace it is charged into the uppermost row of the retorts. 
In Europe it is more generally mixed with the ore. In occasional practice it is 
reserv^ed and redistilled in a separate furnace. Whatever the method, it occupies 
furnace room, increases the fuel and labor quotients per ton of ore, and subjects a 
certain portion of the zinc to a renewed opportunity for loss. 

Translated into terms of furnace charging, if a furnace of 600 retorts, or 1200 cu. 
ft,, should be charged fully at the rate of 55 lb. per cu. ft., ft would receive 72,000 lb., 
but if only 480 retorts can be charged with ore the total is 52,800, and if only 420 can 
be charged with ore the total is 46,200, and all the quotients are altered accordingly'. 
The furnace charging is therefore a composite of the density of charging and the 
proportion of between products. 

These illustrative computations are exclusive of old condensers, which may be 
crushed and added to the charge or may’’ be crushed and jigged and the concentrate 
added to the charge; or the concentrate may be accumulated and be distilled sepa- 
rately'. All these practices are to be observed. 

Losses in Distilling. — In present good practice, distilling sintered ore, the recovery 
of zinc is 90 per cent plus, exclusive of recovery^ that may' be realized by the use of 
prolongs and of additional recovery' by re-treatment of residues in one or more ways. 
Equally good recovery is accomplished from ore with irony' gangue, or limey', or 
simple quartz if suitable adjustments arc made by the metallurgist. 

In considering the subject of zinc recovery', it is important to examine the ways in 
which loss of zinc occurs in distilling. Most important is its retention in the residue. 
.\part from that, the losses arc scattered: absorption by' retorts, retention by con- 
densers, escape from condensers (if prolongs are not used), filtration through retorts 
and leakage by retorts breaking, contributing to loss up the chimney' (wliich is a loss 
that is very difiicult to measure). There is some recovery' of zinc from dust and fume 
depositing in chcckerworks and settling on furnace tops, but both are troublesome. 

Tlic loss is aggravated by' the exigency' of redistilling some between products. 
For c.\'ainple, we might e.xpect to obtain 70 per cent of the zinc of the ore as spelter 
and 22.5 per cent as between products divided approximately' as follows: in ladle 
skimmings, 10 per cent; in condenser cleanings, 2.5 per cent; in pan cleanings, 1.5 per 
cent; in “sample** (or throats), 2.5 per cent; all these being aggregated as “blue 
powder." Upon redistilling we may' get from them 20 per cent (with reference to the 
ore charge), and the zinc recovery will be 70 per cent + 20 per cent = 90 per cent. 
The ultimate loss of 10 per cent may then be reckoned approximately' as shoum in 
the table on page 45S. 

The residue may' amount to 30 per cent of the ore charged and assay' 13 to 14 per 
cent zinc. Nearly' half of its zinc content may' bo in oxidized form capable of being 
reduced. Daily' loss of condensers was 15 per cent. Each discarded condenser 
contained about 7 lb. of zinc. By' cnisliing and jigging, about two-thirds of its zinc 
could be recovered in a concentrate assay'ing about 70 per cent zinc, of course at a 
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certain cost This salvage is not included in the analysis of recoi ery and loss Tic 
absorption of 2 inc in retorts is computed on a basis of daily loss of 3 33 per cent (cor- 
relating with SO-day life) Each discarded retort carries away about 6 lb of zmc 
The loss of zmc escapmg through the chimney is computable only by difference It 
13 more or less proportionate to the percentage of breaking retorts 

Direct spelter 
Blue-powder spelter 
Total spelter 
Zmc m ore residue 
Zinc m blue-powder residue 
Zmc retamed by condensers 
Zmc ab«5orbed m retorts 
Zmc escaping from condensers 
Zmc escaping through chimney 
Total accounting 

Manj 2 inc diatillmg balance sheets will be more or less m harmony with this 
W ith the use of prolongs the loss of sme by escape from the condensers is praetKaUj 
evcised The loss of zinc by absorption m the retort is negligible Old condensers 
generally assay about 30 per cent rmc, and the greater the breakage rate, the more 
do they carry away Although the larger part of such zinc may be regained there is 
additional cost both for irnllmg and distdlmg 

W ith regenerative furnaces there is some recovery of zmc from the checkers orks 
when they are cleaned In one plant this averaged 25 per cent zmc by assay and 
figured to 0 3 per cent of the zmc m the ore charged Cleaning of the tops of the 
furnaces also gives a product assaymg about 25 per cent zmc and accounting for 0 2 
per cent This dust is used m the mixtures for stufiliig and luting condensers, and so 
finds its way back into the blue ponder 

The primary recovery of 92 5 per cent of the zmc that will be reduced to an idti 
mate recovery of 90 per cent, as already outlmed, suggests that somethmg better may 
be done with the blue powder than redistilling it in the primary furnace, whereof 20 
to 3Q per cent of its cubic feet of mtcrnal volume is occupied for this purpose This 
13 emphasized if ns in some European practice just prior to the war, the size of the 
retorts and tbe density of chargmg are increased so tbat no practicable condenser 
can be attached for the maximum collection of zmc and the only expedient is to 
mcroase tbe collection of zinc as dust in the prolongs Such collection may exceed 
ability to market zinc dust A rational expedient is then to apply the Thede process 
of rubbing the zinc dust in a heated revolving cj Imder so that the cleaned zmc will 
melt down, thia being simdar to the Cornelius process used uv Sw eden. (see the sections 
on Zmc Dust and Flee troth emuc Smelting at TroUhattan) This illustrates moreover 
the wide diversity of the factors in intemittent zinc distilling tbat must be coi^dercd 
and correlated in harmonizmg any w orks practice 

According to Dr Tliede, describing the practice at Muensterbusch, Stolbcrg 
Germany, where his process was mtroduced the separate treatment of zinc dust costs 
only one-tenth as much per pound of spelter produced as redistillmg, and with a 
smaller loss of zmc, so that recovery of zmc on the basis of tbe content of ore origmallj 
charged is raised to 95 per cent The loss of zmc m the Thede process itself is small 
and chiefly mechanical Moreover, by keeping the dust spelter separate the cadmium 
content of the ducct spelter m reduced 

Metal Drawing —Spelter was drawn from the Silesian and the ongmal Rhcnisn 
condensers only once during 24 hr It ith the smaller Belgian condensers, more draw* 


70 0 
20 0 
90 0 



2 3 
0 5 

0 5 

1 8 
100 0 
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wcro necessary, and even more as the grade of the ore increased. In American 
practice, four draws are the common daily routine. 

In quantity the draws vary according to the period, correlating with the activity 
of the distilling. The following is more or less t>q?ical of the draws in American 
practice: 


Draw 

From calcines, 
per cent 

From sinter, 
per cent 

Time 

First ^ 

23 

22.2 

2.30 P.M. 

Second 

29 

29.4 

7,00 P.M. 

Third 

29.6 

29,0 

12.30 A.M. 

6 . 30 A.M. 

Fourth 

' 18.4 

' 19.4 


Total 

100.0 

100.0 





This introduces the subject of the temperature gradient, or what may be plotted 
as the furnace thermograph. This is more or less variable according to the operating 
conditions. Beginning at 1000 to 1050°C. with "gas on" and immediately after 
completion of the maneuver, it may rise in a straight line, or in a slightly arched line, 
with different speeds. With a rapid rise the maximum, 1330°C., may be attained at 
11.30 P.M. With a slow rise it may not be attained until 2.30 a.m. The rate of 
reduction naturally correlates with the thermograph. After the maximum has been 
attained, it is held level for several hours, or until the distilling of zinc is distinctl^^ on 
the wane, nearing its end, when the temperature is allowed to fall to save retorts from 
being "butchered" when there is no longer an endothermic reaction occurring within 
them. 

The temperatures suggested here are as registered by Seger cones inside an open 
retort. It is common practice to record furnace temperatures in that way, and tem- 
peratures in the combustion chamber by means of recording pyrometers. Even when 
the latter are used, however, the Seger cones afford a valuable check. 

In European practice the spelter is commonly drawn into small ladles by hand. 
With some furnaces, the lowest row of retorts is so near the floor that nothing else 
can be used. In American practice a large kettle carried on a car on the rails in front 
of the furnace is universally employed. The spelter is draum directly into this. 

the kettle is full, the metal is skimmed and then poured into a row of molds. 
There is no question as to the superiority of this method. 

Retort Residue. — After distilling has been completed, the spent residues must be 
withdrawn, usually hy hand, but machines have been found useful in some plants, 
without becoming of general application. In some American practice a water pipe 
is introduced into the retort, letting out a little water, which immediately becomes 
converted to steam and blows out most of the residues. With the fluffy residues from 
Joplin ore this system works very well, but with a slaggy or "gummy" residue, it has 
to be hoed out. 

Some lead from a leady ore goes over into the spelter. A considerable proportion 
of it may bo recovered by gravity refining, but that wliich is retained by the speller 
adds to the weight of the latter and realizes the spelter price for good ordinary" brands. 
Most of the lead and all the gold, silver, and copper remain in the residue. If the 
silver content is high, which has occurred with some ores, the entire residue may be 
passed on to t!ic lead smelter. In general, how’cvcr, the residue used to be jigged for 
separation of its lead, together with the silver carried by it, if that were worth vrbile. 
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The flotation process has been so effective in deleading ores that there is now but 
little need for recovery of lead from retort residues, but thej are sometimes jigged and 
washed for recovery of undistiUed zinc, unburncd coal, etc It is now a common 
practice to put retort residues through the ^ aelz process, bum out unreduced zmc, 
recover it as fume, and put that back into the charge for distUlmg 

Labor — In the management of the zmc distilling furnace there are two systems 
in the one commonlj practiced m America the furnace crew of 30 or so is divided into 
groups of specialists, each group performmg a smgle operation m. the other, which is 
m general practice in Europe, the furnace crew, which is alwajs relatively small, 
IS divided into squads each of which takes charge of the operation of a part of a 
furnace, a half or a quarter collectively performing all the operation*' of the maneuver 
After the maneui er has been finished, the furnace passes mto the charge of the fireman 
and the metal drawers who work in the same waj bj either sj stem 

An American furnace of 60S retorts was charged with 24 tons (of 2000 lb ) of ore 
and w as attended by a crew of 30 men inclusive of gas producers but exclusive of those 
who removed residues from the ash pocket" This figured to 1 25 man days per ton 
of ore Contemporaneously one of the most modem of the gas-fired furnaces in 
Belgium received a charge of 11 short tons of ore and had a crew of 20 men, which 
figured to 1 8 man-days per ton of ore However, the Belgian furnace was operated 
with prolongs, which the American was not 

These labor quotients are computed on the basis of roasted ore On the basis of 
raw ore m a well mechanicalized plant in the Lmted States, with furnaces fired with 
producer gas, the use of labor will hover around 2 man-days per too of o^e 

Refining — Cadmium and lead both go over with zme Cadmium concentrates 
in the first draw of spelter Lead is higher m the later draws Some grading is 
accomplished by keeping them separate Brawing mto the large kettles m American 
use, there is some equahzation of the molten metal, but even so there may be wide 
\ ariations in the draws from different parts ol the fumave, especmlly from our Eegeler 
furnaces that have bo pronounced a drop in temperatures 

By remeltmg the spelter it can be equalized, and the excess of lead settles out 
This IS the simple process of gra\ ity refinmg Refining mas also be done by rcdistdl 
ing but that does not get nd of cadmium The h ew lersey process of reflux refining 
enables ordinary spelter to be raised to four nme grade and m th»i> r''t>pe'’* puts the 
old process of intermittent distilling on equal terms w ith electrolytic refining 

The hiCW Jersey Zme Co s process of refinmg is a means of mtegrating in one 
operation multiple stages of fractional distillation and fractional condensation The 
liquid metal and metalUc v apor travel countercuirently through a column, the heat 
for boiling being supplied at the lower end of the column and the heat of condensation 
removed at the upper cad In practical application, spelter is melted m a pot w 1 ence 
it 13 mtroduced mto what is called the 'lead column,’ which compn^es a senes cf 
superimposed trajs of refractory material with staggered openmgs, permitting the 
liquid metal to cascade downw ard m intimate contact w ith metallic vapors ascending 
countercuirently From the top of this rectifying column zme vapor passes mto a 
condenser whence molten zme issues mto what is called the "cadmium column 
From the lop of the latter, cadmium is condensed as a dust or otnerwisc as a cadmium 
zinc alloy From the bottom of the cadmium column, refined line is obtained 
From the bottom of the lead column, the metal from -which the zme has been mo'llj 
boiled off is collected in a liquating pot which gives impure zme to be recycled and 
lead and zmc-iron dross separated bj gravitj 

The columns and their fittings are equipped from suitable refractorj material 
A refining unit is of 15 tons dailj capacity, operating contmuously Prime estem 
spelter m this country, or g o b metal m Europe, is raised to 0® 99+ per cent zmc 
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The direct production of this grade is about 96 per cent of the zinc in the feed; of the 
remaining 4 per cent all but 0.5 to 0.75 per cent is accounted for in the skimmings, 
dross, and other by-products. In connection with the New Jersey process of con- 
tinuous distilling, the feed metal is run directly to the refining unit. 

The New Jersey refining process is strongly patented and is used in the United 
States and in a few countries in Europe under licenses. 

Zinc Dust. — In the United States there was a prewar production and consumption 
of about 15,000 tons of zinc dust, also called zinc gray and blue powder, and in Europe 
a larger quantity. In Europe where prolongs are used in the distilling of ore, the dust 
from them may be made commercial, and of a quality of 90 per cent zinc unoxidized, 
by sifting and grading. In general it is difficult otherwise to obtain such a grade 
directly from ore. 

In the United States the prewar specification for prime zinc dust was 96 per cent 
metallic zinc, all to pass a 300-mcsh sieve, together with some requirements as to 
grading according to size of particles. Close grading of size is more important than 
exce.ssive fineness. 

Spelter was formerly obtained from galvanizers’ dross and other metallic zinky 
material b}^ distilling in largo bottle-shaped graphite retorts, commonly about 36 in. 
long and 20 in. in diameter. Furnaces with a battery of such retorts, commonly oil- 
fired, arc still in use. Distillation of a charge requires about 18 hr. and a use ol about 
2 lb. of coal (or its equivalent of oil) per pound of dross and the labor of one man per 
shift per four retorts. 

Some spelter is still prodticed in this way, but the quantity is greatly reduced and 
these furnaces are now used chiefly for the production of zinc dust, as being more 
profitable. 

The treatment of galvanizcrs’ dross and other zinc junk offers no vQiy troublesome 
metallurgical problem, the zinc being simply boiled off and the vapor condensed cither 
as spelter or as dust, the latter being accomplished by sudden chilling to a temperature 
of 320 to 415®C., which precipitates the zinc as snow, so to speak, instead of as rain. 
For this purpose a cast-iron canister may be used, and one 2 ft. in diameter by 4 ft. 
in height may collect 260 lb. of zinc dust in 24 hr. Either for spelter or for dust a 
commercial recovery of 80 per cent is about what is realized from galvanizers* dross. 
The loss is chiefly by retention in the residue of iron and lead that accumulates in 
the bottom of the retort until it is pulled out and broken up. There is a similar 
retention of zinc in connection with the cupriferous residue that accumulates in the 
distilling of zinc from old dio-casting junk. 

The zinc dust that is used b^' the electrolytic zinc producers is manufactured by 
atomizing molten spelter with a blast of air. There is a small production as a by- 
product from hot-dip galvanizing plants. In the modem technique of pipe galvaniz- 
ing, and especially that of electrical-conduit galvanizing, the present practice is to 
blow through the pipes and tubes with steam under very high pressure. This 
gives a very fine dust, averaging upward of 95 per cent zinc as metal, that is collected 
by suitable means. 

Zinc Burning or Zinc Fuming. — This is a process of reducing zinc oxide, which is 
distilled as vapor that is bxirncd immediately. Theoretically, the metallurgical 
reactions arc unchanged, but whereas in the recovery of zinc as spelter it is aimed to 
avoid oxidation of the vapor, the purpose is now to promote it, and to collect the 
oxide floating in the gas of combustion by filtering it through cotton bags. This 
introduces problems of cooling the products of combustion and dealing with them 
otherwise. 

'With ore free from lead and cadmium, and allowing coal ash, etc., to settle in the 
flue kyiding to the bagliouse, oxide assaying SO per cent zinc (the tlicoretical) and snow 
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white may be collected The particles under a microscope will be m fractions of a 
micron (Hooo nun in diameter) The details of temperature, condensation, etc, 
that may cause these particles to be acicular, or of more equal dimensions or otherwise, 
will not be discussed here, nor the merit or dement of different forms 

If the ore contains cadmium, it will go ov er into Ibe fume, and will give it a color 
ranging from slightly yellow to distmctly brown A slight yellowish tinge may be 
discharged, however, and it is possible to make a good grade of oxide from ore con- 
tainmg 0 3 to 0 4 per cent cadmium 

If the ore contams lead, it will surely be volatilized and filtered out with the fume 
as sulphate or some more complex oxidized form The fume will no longer be capable 
of classification as "lead free," but will stUl be a valuable commercial product 

If the ore contains a good deal of lead, the product will be what is called a "leaded 
zmc," which is so valuable as a pigment that to some extent pig lead is melted and 
volatilized to boost a product derived directly from ore 

Zinc oxide of the highest grade is made by burning spelter, this is known as the 
French process and the product, French oxide Zinc oxide as a finished commercial 
product 13 obtained duectly from ore by means of the Wcthenll furnace Impure 
zinc oxide has been produced as a concentrate by the Pape process, by the Bartlett 
process, and by reducing m a reverberatory furnace, but those processes are now but 
little used, if at all Itecovery of zinc oxide from the blast furnace smelting braas 
junk is an important process practiced at Carteret and Perth Amboy, N J , and 
Laurel Hill, L I 

The present summary will treat only of the \Fetherill process, the Waelz process, 
and slag fummg 

The fume collected from metallurgical bj products or waste products appears 
to run everywhere about 65 to 70 per cent zinc, the remamder being chiefly lead 
This filtered fume is not an ideal product for re-treatment It is fluffy, of low weight 
per cubic foot, and difficult to handle mechanically, either for shipment or for sub 
sequent treatment It may have to be densified by mechanical compression or by 
noduhzmg by fumacing and may have to be deleaded 

Beneficiation of this fume may occur in the following ways, all of which exist m 
present American practice 

1 Return to the process of electrolytic extraction 

2 Delivery to manufacturers of lithopone (a hydrometallurgical process) 

3 Delivery to manufacturers of lead-zmc pigment 

4 Delivery to zmc distillers (With them it is not a warmly welcomed product 
unlcsa jt has been deleaded and nodulized Witbtmt nodulizing it maj , however, be 
muted with roasted ore pnor to smtermg ) 

Wethenll Process — A distingmshmg feature of the WethenU furnace is the grate, 
which consists of a series of cast-iron plates, about 6 m wide, 1 to 1 5 m thick, and of 
length correspondmg with the width of the furnace, which may be about 6 ft , these 
plates bemg perforated by conical boles about 0 25 to 0 4 in m diameter on the upper 
aide of the plate as it is to he m the furnace and 1 in in diameter on the lower side, 
there generally being about 100 holes per square foot The purpose is to prevent a 
bed of ore and coal on the surface from siftmg through very much and to prevent the 
holes from blinding In some practice, the bars are perforated with narrow slots 
instead of conical holes The bars rest on ledges in the side walls of the furnace 
The ash pit is designed for operation of the furnace with an undergrate blast 

Furthermore, the two types of WetheriU furnace known as the Eastern and the 
Western differ only m details of design The Eastern Wethenll is used at Pstmerton, 
Pa The Western Wethenll is used m the plants west of the Alleghenies Excep- 
tions to this generalization may be found in instances where furnaces of the Eastern 
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type have been built and operated more or less experimentally in Western plants. 
At Palmerton the ore that is treated is the franklinite concentrate from New Jersey. 
The AVestern plants treat ore from Tennessee, the Tri-State district, and from the 
region west of the Rocky Mountains. 

The Eastern Wetherill consists of four or more hearths built together with a com- 
mon back wall and with common side walls. The products of combustion from each 
hearth escape through an opening in its arch and are led to a chamber where the zinc 
vapor is completely oxidized, thence passing through a cooler to the baghouse. 

The Western Wetherill comprises a series of hearths, separated only by low side 
walls and covered by an arch that is common to all the hearths comprising a block, 
the products of combustion being conveyed away from the end of the block. 

In one plant wlierc there were furnaces of botli the Eastern and AA^estern type, 
operated under identical conditions, no material difTcrcncc in results was observed. 

A AA^estern AA'ctherill furnace of good design may liavc 10 hearths, each 6 X 12 ft., 
and may burn 24 to 25 tons of calcined ore per day mixed with 1.2 tons of coal, charging 
being done twice per day, and extraction of zinc from an ore of 70 per cent grade being 
about 87.5 per cent. Air pressure under the grate is equal to 2.5 to 4 in. of water. 
Length of furnace campaign may be 3 years. 

Among plants, practice varies in operating details. The ore may be mixed with 
all the coal and so spread upon the hearth, or a bed of coal may first be laid and the 
mixture of ore and reduction coal then be spread on it. Three charges may be burned 
per 24 hr., or even four. The number of furnaces to a block may be 8, 10, or 12. 
The hearths may be as wide as 13 ft,, f.c., crosswise of the block. There arc working 
doors on each side of the block, and the furnace personnel attends to one hearth after 
another. Mechanical charging has been satisfactorily applied, in which application 
all the coal is mixed with the ore. 

With the AA^etherill furnace it is necessary to counteract the tendency of the blast 
to break through the charge, making blowholes and craters. This requires constant 
attention. It prevented the mechanicalizing of the Wetherill furnace after the 
fashion of the traveling grate in steam-boiler practice, owing to the tendenej” of the 
air under pressure to break through along the sides and to slag and stick there. A 
great step in advance occurred when the New Jersey 2inc Co. began to make up the 
charge out of a briquetted mixture of ore and coal. The charge could then be burned 
like anthraciic coal on a domestic grate, and the working doors of the furnace had no 
longer to be sealed. Obviously this opened the way to the mechanical Wetherill 
process. 

In the operation of the mechanical Wetherill furnaces the charge of ore, plus about 
20 per cent of coal, plus waste sulphite liquor from paper mills as binder, is com- 
pressed into hard briquettes, their shape being like that of a small pfllow 2 in. square 
and about 1.5 in, through the thickest part. The grate bars of cast iron, which travel 
over sprockets at each end of the furnace, are 12 ft. long, w’hich is the same as the 
width of the AA'cstem AA^cthcrill furnace. 

In operation the grate passes under a feed hopper from wliich it gets a bed of coal 
briquettes (of the same size as the ore briquettes), whicli arc spread mechanically to a 
depth of 0 to C.5 in. The coal briquettes pass through an ignition zone after which 
the grate receives from an overhead hopper a bed of ore briquettes about 6 in. thick. 
Ilccluctiou of zinc oxide and removal of the products of combustion then proceed 
according to the same principles as in the hand-operated furnace. Sticking of the 
charge to the side walls of the furnace is prevented by making them of water-cooled 
plates. 

The mechanical AA'ctherill docs away with the onerous labor conditions of the 
hand-operated furnaces, affords a much greater capacity per square foot of grate 



4G4 


NONFERROUS METALLURGY 


eurface, and bj virtue ol the intimacy of the mixture of briquetted ore and reduction 
coal gives an improved percentage of zinc extraction 

The ‘Waetz Process — This is a process of zinc reduction and burning bj means of 
a revolvmg cylmder, internally heated to a high temperature, the mechanicahzation 
bemg similar to the cjhndncal furnace used for making cement The Waelz furnace 
13 built in sizes from 40 ft in length and 6 ft m diameter up to 160 ft in length and 

12 ft m diameter The slope downward from inlet to outlet is usually about 3 per 
cent The rotation is generally about one turn m 55 sec , but it may be speeded to 
one m 30 sec or retarded to one m 120 see For the largest furnace the power require- 
ment IS 25 to 30 hp , and the labor ranges from to o to six men per shift Ore and coke 
are mixed before charging In the treatment of some low grade calamme, the addi 
tion of coke has been as low as 10 per cent In the treatment of retort residues, there 
may be sufficient unburned coke to allow the charge into the aelz furnace to he 
self burning 

In a plant in Upper Silesia, burning calamine with 12 to 15 per cent zinc, iiiixid 
u ith 25 per cent of reducing coal 5 to 10 per cent of firing coal was used, and a zii i 
extraction of 95 per cent and ft fume assaying about 66 per cent zinc and 6 per cent 
lead were obtained About 160 tons of ore per furnace per 24 hr was ran In 
the United States at the present tune the It aelz furnace is used extensivclj in burning 
zinc out of current and old accumulations of distillation residues A plant treating 
300 tons of residues daily may yield 40 tons of fume or roughly 30 tons of zinc in fume 
The yield is of course always commensurate with the quantity of zinc in the material 
that IS treated 

It has been remarked before that even in good distiUmg m retorts about half the 
zme m the residues is m oxidized form, perhaps partially as ferrate and silicate 
Under the fierce internal heat of the Waelz furnace, further reduction is accomplished, 
and even a considerable proportion of zinc sulphide may be decomposed, reduced to 
zme vapor, and burned In this, as in other zmc-burning processes, the heat that 

13 required endothermically for reduction is of course restored exothermically by 
combustion of the vapor 

If the Waelz fume is derived from leady ore, the fume itself will be leady The 
fume derived from retort residues, however, will be low m lead inasmuch as such 
residues have been derived from ore previously deleaded Such fume may therefore 
be returned to the ordinary process of distiUmg Thai is done by mixmg it with 
roasted ore prior to smtermg 

Slag Fuming — The treatment of slags from lead-smeltmg blast furnaces for 
extraction of their zinc content and recovery as oxidized fume is done on a large scale 
at East Helena, Mont , Tooele, Utah, Trail, B C , and Kellogg, Idaho The Bunker 
Hill plant at Kellogg, as the latest construction, sufficiently exemplifies the methods 
at the others 

Hot slag from the primary furnaces is transferred to the slag fumers Some cold 
slag may be added The slag fummg furnace is 15 ft long by 8 ft wide and of stand 
ard water-jacket construction On each side there are 14 double-inlet tuyeres, each 
side being fed w ith a Babcock & W ilcox pulverizer of 4080 lb of coal per hour rated 
capacity They are designed to feed coal against internal pressure up to 10 Jb per 
sq m The pulverized coal (upward of 80 per cent through 200 mesh) is ddmred 
to the tuyeres in a primary air stream comprising about 48 per cent of the total an 
flow The remaming 52 per cent enters the tuy eres as secondary air Two Ingersoll 
Hand turboblowers, maximum rating 6910 cu ft each at 8 lb gauge, supply the 
furnace air 

The coal air mixture forced through the slag both supplies heat and effects the 
reduction of zinc oxide. The slag is treated m batches, each batch comprising a 
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furnace cycle, divided into three periods, m 2 ., charging, reducing, and tapping. Coal 
and air arc delivered to the tuj^Srcs continuously throughout the operation, and the 
reduction period is about 65 per cent of the time of the cycle. 

The dust^laden gas leaves the furnace at somewhat over 1100°C., enters the waste- 
heat boilers at 925 to 1040°C., and finally enters the baghouse at 200°F. The slag is 
dezinked down to about 1 per cent Zn. The fume assays 63 per cent zinc and 10 per 
cent lead and weighs approximately 40 lb. per cu. ft. It is densified and deleaded 
by mixing with about 1.5 per cent by weight of minus- K-in* crushed coke and is 
calcined by passing it through a revolving cylinder, 75 ft. long by 7 ft. diameter, 
fired by either oil or coal dust, the temperature being about 500° C., at the feed end 
and about 1260°C. at the discharge end. Passage through this kiln nodulizes the 
raw fume, increases its weight to about 185 lb. per cu. ft., raises the zinc content 
to about 72 per cent, and reduces the lead to about 1.5 per cent. Fume from thi^ 
kiln is delivered to a baghouse, whence a product with about 50 per cent lead and 

23 per cent zinc is returned to the lead-smelting system via the Dwight-Lloyd sinterors. 

The Bunker Hill plant was designed in 1943 for the treatment of 300 to 400 tons 

of hot slag per day. The operating personnel comprises 14 men per 8-hr. shift. 

The production of zinc from the slags of lead smelting has now become an impor- 
tant process in the United States and in Canada. It gets the zinc from what arc 
classed as lead ores and thus increases the extraction from an original zinc-lead sul- 
phide ore by a substantial quantity. Moreover, it brings accumulations of old slag 
into the classification of new zinc deposits. In 1944, the three major plants in the 
United States treated about 510,000 tons of slag, which yielded 78,500 tons of oxide 
fume, containing about 55,000 tons of zinc. The cost per ton of slag is relatively low, 
but obviously it is substantiallj^ more for cold slag than for molten, and of course it is 
increased if nodulizing and deleading has to be done. 

Continuous Distilling. — Obstacles in the way of designing a furnace for continuous 
reduction and distilling of zinc have been (1) difficulty of integrating in one operation 
the two stages of intermittent distilling, viz. (a) preliminary reductions and (5) the 
reduction of zinc oxide itself; (2) trouble from the ore becoming stick 3 '’ and so hanging 
in a vertical shaft through which it was expected to descend; (3) inabilit\^ of zinc vapor 
to find egress through a long column of fine ore, which cannot be “spicssed*' as in the 
ordinary horizontal retort. Following manj” failures to accomplish continuous 
distilling, four processes have come into commercial use, although not all of them arc 
in use at the present time. These are summarized in the following sections. 

Trollhattan Process. — Some intelligent work was done in experimental plants to 
subject calcined ore to prereduction and then transfer it to an electric furnace heated 
hy the resistance of a bath of molten slag into which dipped the graphite electrodes 
carrying the current. Although with such a furnace lead could be tapped from the 
bottom and spelter could be condensed from zinc vapor escaping from the top, the 
loss of zinc in the slag was prohibitive apart from other objections. 

At Trollhattan, in Sweden, loss of* zinc hy scorification was minimized by making 
a high-temperature bisilicate slag, c.g., 50 per cent SiOj, but in the absence of pre- 
reduclion the zinc vapor was condensed mainlj" as blue powder. The blue powder 
was molted to spelter b\' the ingenious Cornelius process in which hy putting it in a 
suitablj' heated, revolving cjdindcr, oxide coatings of the zinc globules were rubbed 
off, thus allowing the globules to coalesce. The cnidc spelter thus obtained was 
refined by redistilling in another electric furnace. B\' this process man\' thousands 
of tons of spelter were produced. 

Roitzheim-Remy Furnace. — In this furnace a batterj" of 22 annular retorts about 

24 in. in diameter and about 6 ft. in height arc arranged in pairs within a common 
roinbustion chamber. Inside of each retort is a vertical tube with apertures in its 
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walls The material to be distilled is charged into the annular space around the 
central tube, the apertures ot -v^luch allov. the gas and \apot to escape Irom the retort 
into the tube The tn o tubes of a row are connected across and thence communicate 
with the condenser sticking out from the wall of the furnace, which is luted in as usual 
It 13 unmterestmg to go further in description of the complicated construction of this 
furnace and the details of its operation 

A plant in Berlin equipped with a considerable number of these furnaces operated 
contmuously with charges of galvanizers' ashes which is a material not requiring pre- 
reduction and not becoming gummy when heated Each retort received a charge of 
about 1000 lb and yielded m a amgle tap per 24 hr about 440 lb of spelter plus about 
80 lb of zme dust as ladle skimmmgs and prolong dust These results were con 
sidered satisfactory 

Some trials of the Roitzheim-Bemy furnace m ore distilling in other plants were 
unsatisfactory 

New Jersey Zinc Co ’s Process — Success in using briquetted ore on the Wethenll 
grates contributed to this process of continuous distillmg in which the charge of ore 
and reduemg coal is briquetted in the same way Prior to charging into the retort 
however the briquettes are coked by passing them continuously through a vertical 
chamber of horizontal cross section in which they are coked bj means of the exhausting 
gases from the combustion chamber of the distdlmg furnace, these gases entering the 
coking chamber at 750 to 800®C 

The distilling furnace as a unit comprises either 8 or 16 retorts The retorts are 
rectangular m horizontal cross section, commonly 6 ft X 12 m , but retorts of 7 ft X 
12 in are in successful use The long sides of the retort are laid up with shapes of 
silicon carbide carefully fitted so as to be gastight The height of the retort that is 
heated is ordmarily 25 ft , but there are extensions at top and bottom for the meeba 
nism of introducmg fresh briquettes and discharging those that have been exhausted 
at the bottom The retorts are operated continuously, but the charge is mtroduced 
m batches at proper intervals 

The condenser consists of two parts the first being an inclined conduit directly 
connected with the retort, m which the gases are cooled rapidly and a recond part 
comprismg a sump in which the molten spelter is collected and m which the cooling 
of the zme x apor is completed at a relatia ely slow rate in order to avoid precipitation 
as blue powder by axcessively rapid chilling The condenser has baffles to zigzag 
the flow of vapor through it 

The exhaust gases from the condenser are scrubbed to ehmmate any remains of 
zme vapor and are then returned as nearlj pure carbon monoxide to the combustion 
chamber of the furnace, thus affording 20 per cent of the heat required to fire the 
retort A temperature of 1300'’C in the combustion, chamber, a zme ehmmation of 
96 per cent, and a recovery of 92 per cent of the content of the charge may be realized 
With a furnace of 16 retorts treating calcmed sulphide ore of the ordinary grade ot 
flotation concentrates, a yield of 60 tons of sjielter per day may be realized The 
retort life ts 3 to 5 years 

The production of blue powder in the hew Jersey process is very small being 
only that which la scrubbed out of the gas escaping from the condenser The coking 
of the charge effects preluninary reductions and reduces the production of carbon 
dioxide withm the retort The reduction, of carbon dioxide is substantially com- 
pleted in the upper extension of the retort by passmg through the hot coked briquettes 
which hkewise filter out particles of charge entramed by the gases 4ny blue pow d*'' 
formed on the descendmg charge is thus automatically returned to the reduction zone 
of the retort All this was a pcrfectioti of the old idea of passmg the gas and lapof 
from the zme retort through a filter of mcandescent coke, as m the Kleeroan fon 
denser of former times 
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The New Jersey continuous process has had the advantages of giving an increased 
extraction of zinc, less production of between products, less requirement for coal for 
fuel (this saving being enhanced by utilization of the carbon monoxide gas from the 
condensers), a saving of labor, the production of an improved grade of spelter, and 
the general advantages resulting from steady conditions that are capable of close 
regulation. On the other hand it is subject to increased cost for labor and material 
in briquetting the charge, and the amortization of a costly plant. 

New Jersey vertical retorts arc in use at Palmerton, Pa., Depue, 111., IMeadow- 
brook, W. Va., Avonmouth, England, and Oker, Germany. Having been first 
commercialized in 1929 and having been in steady use since then, this process is now 
thoroughly established. 

The St. Joseph Lead Co.’s Process. — This process, which is the most successful 
of any of the proposals for electro thermic distillation, was developed from the patented 
ideas of E. C. Gaskill. Instead of trying to combine zinc smelting and lead smelting, 
as in the fusion processes of prior inventors, he conformed to the simple principle of 
zinc reduction and distillation with internal heating instead of external. The process 
as originally introduced at Josephtown, Pa., in late 1930 contemplated only the pro- 
duction of zinc oxide. 

Calcined ore is sintered under conditions to produce an unusually hard sinter. 
By-product coke is used for reduction fuel. Both ore and coke are sized, then mixed 
in equal-volume proportions, and preheated in a revolving kiln to a temperature of 
about 850°C. 

The preheated mixture is charged into columnar furnaces, 69 or 96 in. in diameter 
inside and 37 to 40 ft. over-all in height. Near the top of this shaft four or six elec- 
trodes protrude into it, and a corresponding set enters near the bottom, the height 
between each group of electrodes being 26 ft. Inasmuch as the charge is to be the 
resistor, the carbon must be constantly maintained in excess of what is required for. 
reduction of zinc oxide. Each furnace contains upward of 25 tons of charge, and 
about 18 hr. is required for passage through the furnace. Internal temperature is 
about 1200®C. Gas and vapor escape through 12 openings, disposed in groups of 
three on each of four levels within the electrode boundaries, and the vapor is burned 
to oxide which is baghoused in the usual way. 

The original Josephtown furnaces were designed only for the production of zinc 
oxide. Because of the relatively enormous output of zinc vapor per furnace day, it 
was quickly found that surface condensers of the area required would be very large. 
Hence, attention was turned toward developing a more compact condensing means. 
That problem was solved by the development of a special condenser which is described 
in U.S. patent 2070101, Feb. 9, 1937, issued to George F. Weaton and H. K. Najarian. 
This condenser is in effect a U tube containing molten spelter, just as a manometer 
contains mercury, but one limb is of circular cross section, being a 36-in. diameter 
steel tube lined with heat-conducting refractor^" material, connecting with the furnace 
and being capable of temperature control. The vertical limb leads to a gas washer 
of special design which is described in U.S. patent 2298139, Oct. 6, 1942, issued to 
Carleton C. Long and George E. Deelcy. A pipe with a vacuum-control valve 
connects the gas-deduster discharge to a mechanical exhauster. The idea is that the 
gas and vapor slvall be dravm through the molten spelter contained in the condenser, 
and that following condensation of the zinc, the gas shall be drawn through the 
wa.slicr. The gas bubbles through the molten zinc. Periodically, zinc is tapped 
from a "Mapping well’’ which communicates with the lower part of the condenser. 

The molten zinc is preferably kept at a temperature of 500 to 550'’G. The vapor 
enters the condenser at a temperature of about 850°C. In the vapor-collecting ring 
surrounding the furnace there is a considerable drop of vapor temperature, but not 
enough to condense any appreciable amount of metal, as the dew-point temperature 
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13 ordmarilj about 830®C The pou cr required for operating the vacuum pump and 
CO compressors n hen condensing 100 tons of spelter per dai is approvimatclj 475 hp 
fipeUer a'»aa> mg 99 97 per cent ime is produced Zinc dust Teco\ ered from the si usher 
depends on the vapor pressure of the condenser evit gas and is aliout 3 to 10 per cent 
ol the condenser production of spelter 

Spelter production is about 18 tons per furnace-day for the 69-in I) furnaces 
Operating labor m the furnace plant is approximatelj 5 5 man-hours per ton of spelter 
produced Over all recoverj m spelter and other salable products is 90 to 93 per 
cent Of the loss about 4 to 5 per cent occurs through zinc m the finally discarded 
residue Total smelter power requirements are 3258 Iw -hr per ton of zme equiv alent 
produced This is for 64 to 55 per cent Zn concentrates For higher tenor feed, 
recover! somewhat higher and power requirement somewhat lower Furnace 
power IS 78 to 79 per cent of what is required for the entu-e plant operation 

It appears from these data that the use of electro thermic power at Josephtown 
IS much less than what it was at TroUhattan, when electrotherm ic distilling was being 
performed there One reason for the difference was that at TroUhattan the gonguc 
of the ore w as fused and run off as a slag, w hich was a great consumer of energ! 
whereas at Josephtown the gangue is discharged iinlused 

Spelter Dtredl;/ from Slag — TheSt Joseph Lead Co since 1941hasbeen developuig 
a method for the recoverj of zinc as spelter directly from slags of lead smelting at 
Herculaneum Mo containing 12 to 10 per cent zinc In 1944, several hundred tons 
of speller were produced there by this method, and it is believed that large-scale 
production is imminent 

Tlic reduction of zinc is accomplished in an clectnc furnace m the form of a 
horizontal cj linder of 1-inch steel plate, 42 ft longbj 15 ft in m diameter, out 
side dimensions, which are reduced to about 37 X H ff » inside, bj refractor} linings 
Slag 13 fed through a small water-cooled hole m one end wall, about 12 m above the 
maximum slag level and spent slag is withdrawm through a water-cooled tap in the 
oppoaitt end wall, matte and iron hemg tapped through a low er hole Electnc power 
H introduced by six carbon electrodes, 30 m in diameter, spaced on 5-/t 6-in renter* 
m line along the top of the furnace Gas and vapor arc led to a Weaton "Najanan 
condenser 31ft long wntli associated Long Dcelj gas dedusters Metal lapped from 
the condensers « drawn to a large settling furnace, wbcnce spelter of Prune Western 
gr idc, containing about 1 per cent lead is obtained 

Coke breeze, for reducing carbon thoroughly dried, is distributed bj a I>celf\ 
coke flinger over the top of the slag bath throughout its length The depth of the 
slag bath, into which the carbon electrodes dip is 10 to 30 m , the depth being meas- 
ured hj a bar let dow n through a hole in the roof of the furnace The slag hath is 
the resistor Tlie electrodes that dip mto it are raised and low ered by motor-dmen 
staffs The operation proceeds essentially on a continuous basis, but the feed ami 
discharge of the slag are semicontmuous The exit slag is about 80 per cent of the 
wctglit of the incoming slag when the latter contains 12 to 13 per cent zinc 

It is expected that m commercial operations the power consumption will he SOO 
kw -hr per ton of slag of 14 per cent zinc, the coke consumption, not over 7 5 per rent 
of slag weight, the electrode consumption, not over 10 5 lb per ton of slag, 8tnpp«l 
slag to contain not over 20 per cent of the zinc charged, and the over all recovery*^ 
slab zinc, 75 per cent of tbe zinc m the feed 

Spelter DireeiOj from Crass Scrop — Heretofore the only method of recovering zinc 
from brass scrap has been to vaporize it, let it bum, and collect the oxide fume b' 
filtration (liagbousc) In the W ilkma-Poland process, recently developed, the 
w melteil and is fed into a sealed distilling furnace, which is lined internally wdn 
carbon blocks The temperature of the furnace is rawed bj electnc current pa**«>P 
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through graphite resistors. Zinc is distilled off, condensed, and cast directly into 
slabs. The condensers operate simply and effectively, there being no diluting gas 
in the zinc vapor entering into them. In starting the operation, an atmosphere of 
nitrogen is established in the melting furnace and the distilling furnace is flushed out 
with nitrogen until it becomes filled with undiluted zinc vapor. After the zinc is 
distilled off, the residual copper is drawn off and fire-refined in the ordinary manner, 
hlr. R. A. Wilkins informs me that as a matter of operating economj’', it is not 
possible to reduce zinc to much below 2 per cent, that quantitj-” being discharged in the 
copper going to the fire-refining operation. From brass scrap averaging 30 per cent 
zinc or more the recovery of zinc in the form of slabs is upward of 90 per cent. 

CADMIUM 
Br W. R. Ingalls^ 

Cadmium a By-product.- '--Metallurgical literature has no record of any ore 
bcncficiatcd for cadmium alone, and the cadmium of commerce is derived from zinc 
ore, with which cadmium is generally associated. Zinc ores free from cadmium, 
c.p., the ores of the Franklin and Stirling mines, New Jersej^, and of Broken Hill in 
Rhodesia, arc rare. 

Blende concentrates of 50 to 60 per cent grade have contained (in production of 
important tonnage) as much as 1 per cent Cd, which is unusually high. The con- 
centrates from the Tri-State district average 0.3 to 0.4 per cent Cd, which is high. 
The concentrates from mines west of the Rocky Mountains seldom are higher than 
0.2 per cent. 

In tlie periodic system of the elements, cadmium is in the same group witn zinc. 
Its properties and compounds are similar. Its metallurgj^ is also similar. Cadmium 
lias a melting point of 320^C. and a boiling point of TTS^'C., while the melting point 
of zinc is 415‘^C. and the boiling point 905°C. These conditions, together with the 
lower reduction temperature of cadmium oxide, indicate a means for separating 
cadmium from zinc. 

Cadmium in spelter is viewed, if not as an impurity, at least as an alloying element 
that may be objectionable, its special effect being hardening. However, for some 
purposes, a little cadmium in spelter is desired, and 0.4 per cent maj^ be permissible, 
even in spelter for rolling. Cadmium in spelter for brass making is completely vola- 
tilized at the temperature of that process, and in bygone daj's an immense quantity 
of cadmium must have been lost in the fumes from these furnaces. Tlic arrangement 
of brass mill funiaces is such that the collection of fumes is economically imprac- 
ticable. At the present time, however, the brass makers arc mostl}" using high-grade 
spelter (cadmium-frcc). 

The salt.s of cadmium are poisonous, materially more so than are the correspond- 
ing salts of zinc. A dose of 0.03 g. of a cadmhim salt is fatal to animals, and very 
small quantities are poisonous to human beings. Cadmium may be easilj' elec- 
troplated, and when so applied adheres firmly and resists bending without cracking, 
but it is readily attacked by acetic and tartaric acids, appreciably more so than zinc. 
In view of its case of solubility and its toxicity, the use of cadmium for articles that 
may come into contact with foodstuffs is inadvisable. 

Pyrometalltirgy — Early. — Cadmium compounds, sulphide and oxide, being more 
volatile than the corresponding compounds of zinc, loss of cadmium begins to occur 
from the first furnace operation. In normal roasting, even with. Tri-State ore, this 
loss may not bo very high. Raw ore, assaying 0.4 per cent Cki, may be expected to 
give a roasted product of tlic same assay, which would imply a cadmium loss of about 

' \ conflcn-^cHl vmton of nrticle anpc.nrs in Trans, A, T. K,, Vol. J50. lO-M. 
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15 per cent Roasted ore assayuig 0 4 per cent Cd when distilled at ordinary furnace 
temperature jielded spelter containing about half of what was m the ore charged 
The first draw of spelter under these conditions may assay 0 8 per cent Cd (account, 
mg for 22 per cent of the cadmium recovery) and after the sevetal draws of spelter 
have been equalled the cadmium content may average 0 35 per cent If therefore 
2000 lb of blende averaging 0 35 to 0 4 per cent Cd is roasted and diatilled there may 
be obtamed 1000 lb of spelter, assaying 0 35 per cent Cd or 3 5 lb content, which 
entering into Prune Western spelter will be sold at the spelter price 

It be observed from the previous outline (summarizmg conditions prior to the 
introduction of sintering) that the mam loss of cadmium occurred in the distillation 
process and by failure to condense w hieh could be ameliorated by attaching a prolong 
to the condenser thus collectmg additional zinc dust, reJativelj rich m cadmium 
This was the basis of cadmium metallurgy, especially practiced m Upper Silesia 
prior to the mtroduction of the process of electrolytic zinc extraction The primary 
zinc dust containing 5 or 6 per cent Cd, mixed with some charcoal, is distilled and 
redistilled until finally, by thus fractionatmg, a metal containmg 99 5 per cent Cd is 
obtained The low temperature of this distilling permits the use of cast-iron retorts 
and sheet-iron condensers, which either are Imed with some refractory material of are 
whitewashed with lime mside so as to prevent contammation by iron 

Electrometallurgy — With the mtroduction of the process of electrolytic zinc 
extraction m the Umted Stales and Canada m 1915-1916, that process became a 
large source of cadmium production inasmuch as both cadmium and copper were 
bound to be leached along with zinc and necessarily had to be precipitated prior to 
zme electrolysis This purification is effected by addmg zinc dust to the solution m 
such proportion as to throw down copper, which is filtered out and sent to copper 
smelting Such a precipitate may assay 70 to 75 per cent Cu, 1 per cent Cd and 3 
per cent Zn (reflectmg the excess of zme necessarily used) To the filtrate a large 
excess of zme dust is then added, and the purified liquor is filtered off, leavmg a zme 
cadiovum sludge 

The zinc cadmium sludge may be stockpiled in heaps, promoting oxidation and 
solubility in acid or oxidation may be expedited otherwise, e ff , by spreading it on a 
platform and steammg it Either way the cakes will probably have to he disinte- 
grated, which may be accomplished bj attrition m a pebble mill There may have 
to be a precipitation of cobalt, requiring the use of some reagent, eg , nitroso-beta- 
naphthol or potassium xantbate However, the electrolysis of cadmium sulphate 
solution IS not very sensitive to impurities, and their removal by zme-dust precipita 
tion 13 generally adequate It is impossible to wash all the entrained zmc from the 
cadmium sludge, so zmc is a cumulative impurity m the electrolytic cycle It is 
controlled by precipitation with milk of lime It la only necessary to maintain the 
zmc m the electrolyte at a pomt where the excess of cadmium over zmc m the spent 
electrolyte is of the order of 10 to 15 g per 1 

In. the final stage of cadmium recovery, the sludge is dissolved in spent electrolyte 
and subjected to electrolysis either with rotatmg cathodes or with stationary cathodes 
which are of aluminum as m zmc electrolysis Cadmium has a strong tendency to 
deposit as buds, sprouts, and trees These are obviated by the use of rotating 
cathodes, or with stationary cathodes when cell temperature is maintamed at 30 to 
35*0 and with the addition of glue to the electrolyte A deposition of 1 lb of cot 
miuro per 1 04 kw hr of direct current, compared with I 5 kw hr for zmc, w realized 
The plant factor is of course higher by virtue of the loss m changing from altematuig 
current to direct current and the mechanical power that is required m plant operation 
In American practice, stationary cathodes are generally used and with the Mine 
cell construction and operatmg conditions as for the electrolysis of zmc Wi 
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3.5-in. spacing between cathodes, tlie cell voltage is approximately 2.G to 2.7 and the 
current density about 4 amp. per sq. ft., but in some practice it is as high as 10 amp. 
The cell feed may contain per liter 100 g. of cadmium, 80 of zinc, and 70 to SO of 
H2SO4, and may be as liigh as 200 g. of cadmium and as low as 30 g. of zinc. Cathodes 
arc stripped every 12 hr. in some practice, every 24 hr. in other practice. They are 
melted in a cast-iron pot, electrically heated to 400 to 450°C., under a thin layer of 
caustic soda to prevent oxidation; and the pot is well hooded to carry off oxide fume. 

After the cadmium has been dissolved and is ready for electrolysis, the recoveiy 
as ingot is about 96 per cent. If the raw ore is roasted without special means for 
collection of dust and fume, the over-all recovery ma}’ be 84 to 85 per cent. If the 
roasting furnaces are connected for sulphuric acid manufacture with thorough pro- 
visions for collection of dust and fume, over-all recovery may be 90 to 95 per cent. 
Electroljytic cadmium is of 99.95 per cent grade, or better. 

Hydrometallurgy. — In the use of roasted Tri-State ore for the manufacture of 
ordinary zinc lithopone, it is nccessarj^ to remove cadmium just as it is for electrolysis. 
Such ore has been partially dccadmiumizcd by a water leach, but that has not been a 
general practice, which is rather to take out the cadmium with an acid leach. From 
such a solution the cadmium is precipitated by addition of an excess of zinc dust, 
affording a zinc-cadmium sludge. As to purification the requirements for a solution 
of zinc sulphate for lithopone are almost as refined as for electrolysis. The sludge 
obtained in this way may assay 35 per cent Cd, 46 per cent Zn, and 21 per cent water; 
or 54 per cent Cd, 16 per cent Zn, and 30 per cent water. These analyses vary 
naturally according to the excess of zinc dust that is used. The cadmium in such 
sludge is sold by the manufacturers of lithopone at something like 75 to SO per cent 
of the price for cadmium in sticks, pencils, and other refined forms, manufacturers of 
cadmium pigments being the buyers. Digesting the sludge with sulphuric acid and 
obtaining a solution of CdS04 or CdS04 -k ZnS04, the sulphides of those metals may 
be precipitated with a solution of barium .sulphide to make cadmium lithopone; or a 
prccipilale of cadmium sulphide may bo thrown down from an acid solution hy H2S. 

Pyrometallurgjy — ^Recent. — 'Wlien the sintering process for desulphurizing and 
fritting zinc ores was introduced, it was immediately noticed that the .smoke issuing 
from the chimney dispersing the gases frequently showed the brown coloration of 
cadmium oxide and, concurrently, that the cadmium content of the sintered ore was 
reduced or even all but entirely eliminated. It was obscrv'cd moreover that following 
the introduction of roasters of the IMcDougall type, roasting flotation concentrates 
with cyclones, improved dust-settling chambers, Cottrell precipitators, etc., as 
appendages, there was obtained dust and fume relatively rich in cadmium, as 
liigh as 4 per cent Cd and all of it water-soluble. 

An experience with an ore containing 1.05 per cent cadmium, or 21 lb. per ton, 
following introduction of sintering, is illuminating. From a roaster (of the McDougall 
type) SO lb. of lieavy dust assaying 4 per cent cadmium was collected from 2000 lb. 
of raw ore. There was a further settlement of fume, but 1 lb. of cadmium per ton of 
ore piisscd through the Glover towers and into the sulphuric acid. The calcines 
weighed 1700 lb. and assayed 0,65 per cent cadmium, and the sintered cake assayed 
0.375 per cent cadmium. The first draw of spelter weighed 204 Ib. and assayed 1.25 
per cent cadmium; the subsequent draws, aggregating 680 lb., assayed O.OS percent 
cadmium. Tiie cadmium accounting in terms of pounds per ton of raw ore was as 
in the tabic on page 472. 

It is clear that nearly all the cadmium in this ore could be recovered by pro\ndmg 
suitable means, e.^pociaIly for expelling all the cadmium from the calcines (leaving 
none to go into the retorts) and collecting all the dust and fume from both the roasters 
and the shiterers. In the experience here summarized tlie volume of gas from tlio 
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R\nterer vras 462 000 cu It at 2l8‘’F per ton. of calcined ore, -a hich could have been 
greatly reduced by sealing the side openings between pallets and wind bon (see Ihe 


chapter on Pj rometallurgy of Zinc) 

In flue dust from roasters 3 2 

In fume from roasters 5 8 

In sulphuric acid 1 0 

Loss in sintering 4 6 

Content of first draw of speller 2 6 

Content of subsequent draw s 0 5 

Content of blue pow der 0 5 

Contmt of retort residue 0 2 

Escape from condensers, by difference 2 C 

Total 21 0 


These observations became the basis of the improved metallurgy among zinc dis 
tillers who m view of the increased demand for cadmium after 1935 aimed to recover 
the large cadmium content of Tri State ore that previously had been wasted In 
order to accomplish this the process of sintering was adjusted so as to increase the 
elunmation of cadmium, especially by preventmg its condensation m the lower part 
of the bed on the pallets after it had been volatihzed from the upper part, this being 
largelj a matter of temperature control and technique It was found also that by the 
addition of sodium chloride, anywhere from 0 5 up to 2 5 per cent, the Well known 
chloridizing reaction could be realized, with nearly complete elimination of both 
cadmium and lead Another expedient was moistenmg the ore wuth a solution of zme 
chloride 

Thc«c proposals were founded on the idea of decadmiumizing and dclcadmg zme 
ore wath the objective of producing high grade spelter At this time, about 1930- 
1933 cadmium was in poor demand Later it became worth while for zinc sroelters 
lo save cailmmm that they had previously been wastmg This involved naturall} 
0 . reduction of the volume of the Bintering gases by better sealing of the wind lio'^ awl 
precipitation of their fume by means of Cottrells 

In works practice the dust and fume from the roasters in oxidized form and il e 
dust and fume from the sinterers containing cadmium chloride, lead chloride and 
any of the excess of zme chloride that has been volatihzed, are mixed and digested with 
sulphuric acid Lead sulphate is filtered off Cadmium may then be precipitated 
bv the addition of zme dust, and the filtrate contaming zme sulphate and zinc chloride 
13 returned to the smtermg process, while the cadmium precipitate is refined bj 
distilling or otherw isc 

By the Lew Jersey process of refinmg spelter bj redistil lation cadmium comes off 
in the form of cadmium zme metal or a cadmium dust, w hich is readily converted to 
metallic cadmium bj anj one of the se\eral knowm methods This was done prior 
to the war at Duisburg, m Germany, by the Thede and Lew Jersej processes m 
combination 

In addition to the methods already described, there is a good deal of cadmium 
produced by the silver lead smelters, which m treatmg zme ore obtain considerable 
quantities of cadmium in their flue dust Treatment thereof for cadmium recover) 
has been sufficiently suggested without gomg into details 

Out of the production of metallic cadmium in the United States in 19-11, 
ing 3220 tons, the electrolj'tic producers m Idaho and Montana afforded 970 Tner^ 
18 also a considerable production of cadmium that is obtamed as direct 
compounds, especially cadmium sulphide, for which there is use as a pigment f 
as such alone or in cadmium lithopone 
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MERCURY 

By Gordon I. Gould^ 

History and Mines,^^ — Quicksilver, or mercury, seems first to have been mentioned 
})y Aristotle, v'ho referred to it as fluid silver {argyro^ chyios), Theophrastus, about 
315 B.C., states that quicksilver is obtained from cinnabar rubbed with vinegar in a 
brass mortar with a brass pestle. Dioscorides, about a.d. 50, appears to have first 
mentioned the recoverj" of quicksilver (which he called hydrargyros^ liquid silver) by 
distillation, stating, “An iron bowl containing cinnabar is put into an earthen vessel 
and covered over with a cup-shaped lid smeared with clay. Then it is set on a fire 
of coals, and the soot which sticks to the cover when wiped off and cooled is quick- 
silver.” Plinj^ about a.d. 50, reports both these methods. Agricola in his “De re 
inctallira”[l], published in 1554, gives the first detailed description of several methods 
in use at that time, all distillation processes. 

Although recorded production data are comparatively modern, Becker [2] estimates 
production in terms of 75-lb. flasks up to a.d. 1700, and thereafter with greater 
accuracy up to 1880. Since that time, fairly accurate records are available. Up to 
1700, he estimates the world production as approximately 1,800,000 flasks; between 
1700 and 1800 an additional 2,375,000 flasks were produced; from 1800 to 1900 
Becker’s estimate plus more accurate records indicate approx'imately 5,890,000 flasks; 
from 1900 through 1940, it is estimated that an additional 4,560,948 flasks were pro- 
duced, The estimated total world production, therefore, approximates 14,625,000 
flasks; allhoiigh other authorities have reported it to be as high as 18,000,000 flasks. 

It is interesting to note that the Almaden Mine in Spain has probably been 
responsible for more than one-third of the total production and the Idria Mine in 
Italy approx'imately one-quarter of the total production. Other large producers 
include the Santa Barbara mine in Peru, the Abbadia San Salvatore mine in Italy, 
the New Almaden mine and the New Idria mine in California,' and the mines of 
the Chinese province of Kwei-Chau. Although quicksilver production in recent 
years has conic from no less than 20 countries, Spain and Italy continue as the largest 
producers (approxirnateb’ 70 to 80 per cent combined), with the United States third 
and Mexico and Canada following. 

IVithin the United States many new mines have been discovered during the past 
few years under the impetus of increased prices and %vartime demand; however, by 
fur the larger part of production continues to come from the older mines and probably 
will continue to do so. Tliis situation also exists throughout most of the rest of the 
world, although important recent discoveries have been made in Canada. 

Production and Prices. — Table I indicates the widely fluctuating production and 
price range that is characteristic of the industry', even before the years cited. 

This wide range of price has played an important part in governing the size of the 
quicksilver industry within the United vStates, where the ores treated arc of much 
lower grade than in other countries. Only 10 mines contributed to the total American 

* Con'iuUinK cnRm^'f'r. Snn Francisco, 

* lU'ferencr? in brnckct.s arc to similarly numbered references in the Bibliography at the close of the 
chapter. 
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production an 1922, whereas there wore 197 producers m 1911 L>kc\M.<ie, the develop, 
ment of oro reserves, mclallurgieal progress, and long range planning have been 
handicapped by the wide fluctuation m price and by market manipulation by foreign 
producers controlling the bulk of production 


TsBU' I “PnonuenoN ano Pmera of Domestic Qdicksilv eh, 1010-1914 


A ear 

Produc- 

tion* 

Pnee* 

\ear 

Produc- 

tion* 

Price* 

A ear 

Produc- 

tion 

Price 

1910 

20 330 

47 09 

1022 

0 291 

59 74 

1934 

15 415 

73 87 

19U 

20 07G 

47 16 

1923 

7 833 

07 39 

1935 

17 518 

71 99 

1912 

24 731 

43 03 

1921 

9 952 

70 69 

1936 

16 ,>09 

79 92 

1913 

19 947 

40 07 

1925 

9 053 

8-1 24 

1937 

10 508 

00 18 

1014 

IG 330 

48 95 

1926 

7 541 

93 13 

103S 

17 091 

75 47 

1915 

20 756 j 

88 17 

1927 

11 128 1 

118 IG 

1939 

18 C33 

103 94 

1916 

29 53S ' 

127 16 

192S 

47 870 ' 

123 51 

4910 

37 777 ' 

476 87 

1917 

35 683 

107 72 

1929 

23 082 

122 15 : 

1011 

44 021 

Ifo 02 

1918 

32 450 

125 12 

1930 

21 553 

115 01 

1912 

50,346 ' 

190 35 

1919 

21,133 

93 3S i 

1931 

24,017 

87 35 1 

1013 

51 ,929 ' 

19j 21 

1920 

13 21G 

82 20 

1932 

12,622 

67 93 

1014 

22,100^ 

126 17 

1921 

6 25G 

4G 07 

1933 

9,669 

59 23 






• production nnj prica figure* for the jenr* 101O-I9'’8 calculateil to theTMl) per fimk b**u from 
VV^olVlb tta&t Vlien used 

»E»tSinatKl proiluction first «ii montl • 1941 

All prices sre based on the Aversee monthly quotation of Sngxtittrina and JTisintf Jaurnal New 
■VoiV 

Properties and Uses ■ — Quicksilver is the onlj metal that is lujuid at all ordinary 
temperfttiiiea IGallmm meUs at 30 1°C ) This fact quite tiaturalb "wita reeponsibte 
for many early conjectures as to its tnic nature anti ns at II gave it a rather mj*tic 
position m the hands of the carlj alclicmists lodaj, the same propertj makes it 
useful, if not indispensable, in manj applications in industry, the sciences, and 
everj day use 

Quicksilver, the -metal, has an atomic weight of 200 01, a valenee of cither 1 or 2 
and a specific gravity of 13 595 at 4“C The melting point is —38 85*0 , below which 
it 13 a white malleable ductile metal The boding point i3 357 25*C , above which 
it 13 a colorless vapor having a densitj of C 7 to 7 03 As a metal, it has rektivelj 
low thermal and electrical conductivitj and W soluble in nitnc acid, aqua regia and 
hot concentrated sulphuiie acid but is not soluble m b> drocWonc or dilute sulphuric 
ac\d 

In chemical combination it lias a wide vanetj of uses Although mo't of the 
salts arc consumed m relativelj small quantities, the bichlondc (corro'^i'o •^iblmiate) 
and the chloride (calomel) are used m substantial quantity Accurate mformation 
as to the specific uses to which quicksilv ct is put is neither compiled regularlj nor is 
it probably very accurate, however, Table 2 shows m a general waj the distribuho“ 
and trend of the various uses All figures are submitted by the authors as estimates 
and it must be pomted out that the first two and the last tw o v ears cited represen 
waitune distribution Especially m 1942 and 1943, this undoubtedl> accounts or 
the large undistributed quantity listed under Other . 

It is stated that half or more of the quantity shown under PedistiUed for 
1943 was used in industrial and control instruments In 1928, the dental preparatw 
included at least some of what would otherwise be classed as redistdkd 
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Ta^le 2. — ^JiIsTiMAT£r? Distribution of Uses of Quicksilver 



1917** 

1918^ 

1928" 

1942'' 

1943‘'’* 


Pharmaceuticals 



5,493 

362 

8,088 

1,X9S 

14,192 

533 


Dental preparations 





Chemical preparations 




7,486 

365 

Seed disinfectants 




1,533 



Drugs and chemicals, total 

MSTiTi 

12,180 




32.11 

Fulminate 

12,218 

1,900 

1,800 

800 

n 

Vermilion 

■Om 




Felt manufacture 

Mmr 




Amalgamation 

, — 

850 

453 

1^ 

22 

0.05 

Antifouling paints 

3,000 

2,700 

630 

2,905 

2,687 

676 


2,578 

2,988 

3,365 

4,679 

4,925 

5.15 

Electrical apparatus 

2,556 

2,996 

1,000 

ikKkiii 

5.97 

Industrial and control apparatus 

3,529 

3,802 

6,175 

6.73 

Catalyst (in electrolytic preparation of 
caustic soda and chlorine or glacial 
acetic acid) 

9.35 

Hedistillcd 



9.84 

0.66 

General laboratory use 



628 

294 

3,31 

Other, or not above classified or com- 
bined . 


1,000 

2,846 

17,148 


30.14 


Total 


36,166 




jlOO.OO 



® Rambomi:, Quick silver C/.S. Geol. Surrey* “Mineral Resources o{ the United States,” part I, 1917 
p. 38-1. 

^ Ransome, Political and Commercnl Control of Mineral Resources of the 'World, U.S. Dept, of the 
Interior, No, 4. 

• SentJETTE, Quicksilver, U.S. Bur, Afincs Bull. 335, p. 147, 

^ Mineral Market Reports, Mercury in 10-13, 17. S. Bur, Minea, No. MMS 1141, p. 3. 

* Includes only Januari’-November, 1943. 

f PerccntaBC of total consumption, January-November. 1943. 

The use of quicksUvci* in the felt-inanufacturing industry hns been largely dis- 
placed, ou'ing to the health hazard and state prohibition of the further use of the skin- 
irritating mercuric nitrate; amalgamation has further and further been replaced by 
other procious-metal beneficiation processes (and the current wartime restriction order 
prohibiting the operation of gold mines); the fulminate consumption has been largclj’ 
reduced owing to satisfactor}^ substitution in military requirements; and antifouling 
painta continue at about the same pace, though resisting substitutes have been devised. 

3£!ectrical ai)paraius has probably shown a greater increase than is apparent in 
the figure for 1943, and industrial and control apparatus is increasing greatly; general 
agricultural uses and requirements by the textile industr>' may well advance in the near 
future in consumption of the organic mercurials. 

Although there arc many uses and many industries in which quicksilver has been 
substituted for or otherwh^e displaced, there have been a far greater number of new 
uses developed, the aggrepte coiisumplton of which indicates a gradually increasing 
demand for the metal which undoubtedly assures the requirement for increased pro- 
duction. This increased production will have to come from lower grade ores, and 
metallurgical efficiencies will necessarily have to be kept at the highest possible point. 

Metallurgy of Quicksilver.— Mthough the mctallurg}' of quicksilver is probably 
one of the simplest, it lu\s undoubtedly been subjected to as many variations as that 
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of the more rctrattory metaU The treatment processes are first limited in that there 
IS only one important ore mineral This minerol is cinnabar which is the sulphide 
(HgS), a bright vermilion mineral Although varying from a bright vermilion color 
through brownish reds to near black, it alwnss shows the bright scrmilion color on a 
fresh surface or by streaking It contains 80 2 per cent quicksilver and 13 8 per cent 
sulphur the specific grav ity is 8 0 to 8 2 the hardness is 2 to 2 5, and the sublimation 
temperature is approximately OSCC A far less important (though rather common 
at some mines) mineral is mctaeinnabaritc, a mineral of exactly the same composi 
tion but differing in crystal form, this is alwajs brownish black to black in color 
Native quieksiUcr is not at all uncommon, though seldom occurring in quantitj m 
any mine Cinnabar metaemnabnrile, and native quicksilver are the pnnic con 
tnbiitors to all mercury production except (list at the Iluitxuco mine in Mexico the 
metal IS obtained from U\ ingslonitc the double sulphide of antimonj and quickriKcr 
At a few other mines the occurrence of the oxide, chloride, oxychlorides, and other 
rarer minerals or c imbinations with some lesd or xinc minerals, has been shown 

Cinnabar has been found m many rock tj pes, a factor of considerable importance 
to the treatment of the ore Substantial deposits base been found in sandstones 
shales limestone, sorpentme, andesite, ihj elite, opalite, and tuff ITic variety of 
host rocks and their differences in ph> sical characteristics and aecessorj or secoudarj 
mmerals must be well understood in order to assure efficient treatment 

The most important factor limiting the number of treatment processes is the low 
sublimation temperature, aboxe which the quicksilver w volatihxed and may be 
recovered by condensation The fact that this operation maj be perlormed relaliv ely 
cheaply with an excellent metallurgical recovery and yield a very high purity metal 
m one operation puts all combined processes (since they must all cvcntualtj roast to 
make final recovery) at a distmct disadvantage 

Consequently from the pre-Christian era, the roastmg of quicksilver ores has been 
not only the most popular but for the most part, the most efficient method of recov ery 
There have been, how ever sev era! other methods used, including a v aricty of gravity 
concentration plants, sev cral flotation plants, grav ity and flotation comhinctl, and a 
few chemical plants These methods are briefly explained, following a descnption 
of the more popular roastmg methods 

The Roasting of Quicksilver Ores — The roasting of quicksilver ores depends on 
raising the temperature to near or above the sublimation temperature of emnabar, at 
■which point the quicksilver is volatile (as mercuric sulphide vapor) and subject to 
condensation and collection The process, therefore, is divided into two distinct 
operations, le , (1) volatduing the quicksilver and (2) condensing and collecting it 
The furnace or retort and the condenser, therefore, are the principal items of equip- 
ment, although more or less auxiliary equipment is required to complete the operation 
ami iKi)i he, djsra vw tb/ivs ws'Jsx 

Retorts — ^The retort is the simplest form of recov ery plant for treating quick 
silver ores, and masmuch as it requires m addition only a simple condenser and 
simple firing equipment, it will be described ns a complete unit Retortmg is dis- 
tinguished from fumacmg m the fact that retorted ore is heated indirectly, 
whereas fumaced ore is heated directly with the gases of combustion 

The popular retorts treat one batch of ore at a time in a cast-iron p'p® of various 
shapes The ore upon heating gives forth its mercuric sulphide vajior from which 
the sulphur must be oxidized to permit the subsequent cooling and condensation of 
the volatile quicksilver In most operations, air is depended upon to supply the 
necessary oxygen and is supplied to the inside of the retort by either natural or induced 
draft In the former case, the air circulates by convection, in through the condenser 
pipe over the bed of ore and out through the same condenser pipe In the latter case, 
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the air is usually blown in through the end of the retort opposite to the condenser- 
pipe outlet, from which it travels, over the ore and out the condenser pipe. Other 
designs of continuous-operation retorts often depend on leakage of air through an 
ore seal to provide sufficient air for the oxidation of the sulphur. 

Under these conditions, the chemical reaction taking place is 

HgS + O 2 « SO 2 + Hg 

In treating some ores containing relatively large amounts of sulphur as in high-grade 
ores, ores containing considerable amounts of pyrite, marcasitc, stibnite, etc., it is 
sometimes desirable to add a flux to assist in the oxidation of the sulphur. This may 
be lime or iron filings or scrap, the former being more commonly used. When such 
a flux is used, the reaction is 

4 HgS + 4 CaO = 3 CaS + CaSO^ + 4 Hg 
or 

HgS + Fe = FeS + Hg 

The addition of such a flux is quite necessary in high-sulphur ores in order to free the 
volatile quicksilver. It is not uncommon, in an improperly ventilated or underfluxed 
retort operation, to find the formation of synthetic cinnabar, often as long acicular 
crystals, in the condenser pipe. Similarly, free sulphur may also be deposited and 
cause additional difficulties in cleaning up the product. 

Because the retort is simple, there have been numerous designs. Hetorts were one 
of the earliest devices used for the recovery of quicksilver, Duschak and Schuettc[31 
report that clay retorts were used at the Idria mine until 1641, when metal retorts 
were first used. Modern retorts, however, include three general types, each varying 
according to the manufacturers, who arc often the small operators. 

Tlie D retort consists of a cast-iron body designed to be set horizontally and on the 
fiat side of the P, ?.c., fi . The common size is 20 in. across the bottom by 12 in. high 
and 8 ft. long. Wall thickness is 1 to 1 in. It is closed at one end, and the other 
end is flanged to take the head, which adds another foot to the length and contains a 
side exit with flange for a 4-in. cast-iron pipe. The head bolts to the body of the 
retort and is provided on the front with a recess to accommodate a cast-iron door, 
securely liold in place by a yoke and screw or iron wedges. The heads can bo built 
with either rights or left-hand exits so that they maj’’ be set side by side in pairs. To 
the flanged exit, a cast-iron pipe usually 4 ft. long starts the condenser. To the end 
of this pipe, set on a slight downward inclination, is screwed or flanged a 4-in. iron 
cross, and another 4-in. pipe about 8 ft. long inclines downward but parallel to the 
body of the retort. The other two outlets in the cross are plugged but provide out- 
lets for cleaning. This piping constitutes the average condenser; however, the long 
condenser pipe may discharge into a concrete box, a system of small tanks, or other 
devices deemed necessary by the operator to increase the efficiency of his condenser. 
The condenser pipes arc air-cooled or may he water-cooled by dripping water on 
sacks laid over the long pipe or by more elaborate .sy.stcms of water-jacketing the pipe. 

The retort body and head arc set up in a brickwork about 5 X 10 ft, in plan, the 
bottom of the retort being about 3 ft. 3 in. above the working floor. For heating, a 
firebox is built into the brickwork at the end opposite the retort door and condenscr- 
pipc outlet and under the retort. Tlic firebox may be designed for wood, fuel oil, or 
other fuels. A small flue leads the gases of combustion from the firebox toward the 
feed end of the retort, and at the head two vertical flues carry it upward to the eleva- 
tion of the retort. It then travels back over the top of the retort body to the fire end 
of the retort, thence vertically upward through a stack. It is common practice to 
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use 3 to 6 m of firebrick, tJe, or sand insulation between tjic lower flue and the 
bottom of the retort body to protect it from excessive heat, but on the return the 
bare retort is exposed to the gases of combustion AUbougb the usual retort body 
and head arc made of cast iron, they have been Buccessfull) made of chromium iron 
with vary mg chromium content Tliese ha^ c the advantage of resistance to corrosion 
by tbc sulphurous gases as well as oxidation and are better able to withstand over- 
heating without damage 

In operation the ore or other material is usually, but not always charged m three 
or lour steel pans to facilitate charging and discharging the material Material 
charged should not exceed 1 to 2 m , and on finer material the capantj must usually 
be decreased or the burning time lengthened On relatively clean ore without 
excessive fines a charge of 750 to 1000 lb can be charged to the retort every 12 br^ 
giving it fl daily capacity of to 1 ton per 2i hr If they are set up in pairs the unit 
would have double this capacity Although a few retorts have been eriuipped with 
thermometers they are usually operated by observation through peepholes in the 
brickwork the retort being kept at 8 dull red heat by manipulation of a damper in 
the stack Operating m this manner usually consumes about H to \ of a cord of 
wood or 25 to 35 gal of fuel oil per day Tlicsc quantities are subject to variation in 
operation character of wood fuel and character of material being treated If oil 
fired, the burner usually consists of a relatively simple oil burner of the low-air pressure 
atomizing typo, or an Oil mantle burner 

The cost of the ironware described above, plus Steel buekstay's for the brickwork, 
stack and fire door and frame, for a double unit is approximately $1200 About 
3250 common red brick and 4000 firebrick are used in setting up a doublc-D retort 
Together with oil firing equipment the estimated cost of such a unit is $2500 to 
$3000, depending on location, etc 

The Johnson McKay ty^pc of retort consists of ft battery of round cast iron pipes, 
usually 12m in diameter by about 6hi ft long Although the standard setup usually 
included 12 pipes, they have, m various installations, ranged from one pipe up to a 
dozen or even more They have, likew ise, been made of pipes of v atyung dimensions 
however, in principle they conform The pipes are set horizontally and hke the D 
retorts are closed on one end except for a hole to receive a S-in condenser pipe 8 ft 
long, which inclines dowTiw ard Hie front end of the pipe includes a bell with a 
double shoulder to receive two bds which arc luted in place with mud or wet ashes, 
the outer door bemg more securely held in place, usually by a bar and wedges Tlie 
condenser pipes are most often cooled similarly to the method described for the 
D retort condenser pipes 

The pipes are supported m a brickw ork w hich, liowcv er, is quite different from 
the I) retort structure In the D retort the heat passes from the back of the retort 
to the front, up and back over the top of the retort to the back, and out through a 
stack In this type of retort, a firebox is built at one side and for the length of the 
pipes and the heat passes through sev oral flues under the pipes and at right angles 
them for as many pipes as there arc m the unit , it then rises to an elevation above the 
pipes and returns over them to the upper part of the firebox where it is exhausted 
through a stack Similar practice is follow ed in protecting the lower part of the pif^ 
byr insulation from the lower flues, although the upper portion of the pipe is exposed 
to the direct heat 

In operation the ore is charged by long handled scoop shov els directly mto tte 
pipe and discharged by hoemg out the burnt ore From 2o0 to something over 300 
lb of ore can be charged to each pipe thus giving a 12-pipe unit a capacity of abo^ 
to 2 tons per 24 hr , charging each pipe twice a day This is usually perfonned 
by charging one pipe each hour makmg cycles per day The wood consumpboJ* 
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IS roughly 1 to V /2 cords per day, so that by comparison with the double D retort, 
approximately twdcc the amount of fuel is required. This is easily understood in the 
more compact construction and the use of larger pipes in the D retort. 

Kveept for installations of one, two, or possibly three or four pipe units, no retorts 
of this type have been built in recent years, so that estimates of cost might be rather 
inaccurate; in any event, it would considerably exceed the cost of the more popular 
D retort. The smaller installations that have been made have often been cheaply 
and poorly built and represent only an attempt to *'get by cheaply.” 

A third type of retort, which though yevy much underdeveloped has been popular 
during the past few years for prospecting or for small operations, is the inclined-pipe 
retort. It has been built in a variety of sizes and by nearly ns many designers as 
there are users ; however, they arc all similar in principle, hlost of the units have been 
constructed of pipes, either cast iron or standard steel, ranging in diameter from 
about 10 to 16 in. and in length from about 6 to 12 ft. The pipes arc set up on a 
45-deg. incline and arc fed at the top and discharged at the bottom, the discharge 
being accomplished by raising a door and allowing the material to slide downward 
through the pipe. Although practice varies, an ore charge is usually left in the pipe 
for 8 to 12 hrt, then the whole charge is withdrawn and a new batch fed in through the 
top. Feeding at the top of the pipe may be by hand shoveling or by chute from a 
small ore bin, and the top seal usually consists of an iron plate luted to the pipe with 
clay or wet ashes. 

Near the top of the pipe, a condenser outlet pipe 2 to 4 in. in diameter is cut into 
the pipe to provide for the exit of the quicksilver vapors, and because air is admitted 
through an ore seal at the lower end of the pipe, the gas volume (air) through this 
type of retort is usually considerably more than in other types of retorts. Consc- 
qucntlj^ more elaborate condensers arc used and usually have consisted of various 
styles of piping of small diameter (2 to 4 in.) uith wooden barrels, tanks, or other 
settling chambers interspersed. 

Because of the slope given to the pipe and the fact that this feature lends itself to 
construction on a side hill, this retort has often been referred to as the ^‘side-hill 
retort.” They arc often built in multiple units up to four in a group and are so 
designed that a masonry pier supports the upper and lower ends of the pipes. Side 
walls with one or more arches of clay, rock, or brick, over the pipes, provide a shell 
around all the pipes, and a grate is built behind the lower pier and under the pipes. 
Fuel of all types has been used, and the heat circulates up and over the pipes to the 
\ippcr end of the pipes, where it is allowed to escape to a damper-controlled stack. 

B3’' their verj' design, this type of retort is capable of a greater capacity than the 
horizontal-pipe retorts; however, the absence of good dasign in tlie firebox and enclos- 
ing shell has resulted in poor distribution of heat with consequent reduced eapacil}^ 
or, more often, incomplete roasting of the ore and reduced recovery. The variety 
of sizes and designs precludes the possibility of making accurate cost estimates on 
this typo of retort, although thc\" have mostlj’ been cheap installations. If designed 
and constructed with the same care and materials as arc used in the other t^^pe.s men- 
tioned, it seems probable that tlicir cost per unit of capacity would be about the 
s.amc. Fuel consumption is high, although this might be materially improved with 
soxmd design. 

Although these three tjq^es of retorts rcprc.sent the most commonly used tj-pes, 
there arc many others ranging from pot stills to single and multiple rotar>' retorts of 
elaborate design. Few, if any, of these have gained as much favor or stood the test 
of operation as well as the types described above. 

The retort, as luas been sho\m, is a small reduction plant, high in cost per unit of 
cap.ncity; nlthoxigh subject to many variations, it can be made to operate quite 
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efficiently An objectionable leatute of all letoit opetationa is the manual tbarginj; 
and discharging operation, which causes exposure to quicksilver fumes Manx arrange- 
ments and many devices including hoods, blowers, lids respirators, and other pro- 
tective devices have been tried, but the retort continues to subject the workman 
to the fumes causmg salivation The substantial portion of production js made in 
the larger furnace units, but there will probably aluays be a place for the retort 
Ihey are cheaply installed by the small operator, either as a production unit or as a 
prospecting tool they are used occasionally by the furnace operator to assist in clean 
mg up mud and soot, or they are used to retort concentrates from nulling operations 
In the chemical field, they have a very definite place in the recovery of eccondary 
quicksilver from scrap or in reclaiming the metal from mercurial salts 

Furnaces — ^ITie treatment of quicksilver ores in furnaces differs from retort 
operation as previously stated, m that the heat is applied directly to the ore and the 
gases of combustion are combined with the volatile products liberated by healing the 
ore In contrast to retort operation, w here only a small amount of air is available for 
oxidation of the sulphur, furnace or direct-fire treatment of the ore makes available 
larger quantities of air The amount available as excess over requirements for com- 
bustion of the fuel, therefore, is of extreme importance It must provide sufficient 
oxygen to combine with all the sulphur released by the cmnabar or other sulphides 
which may dissociate within this temperature range and to combine vvith certam 
other volatile elements such as arsenic or antimony An> larger quantity only 
requires additional fuel for heatmg and increases the volume of gases to be handled 
In practice, it is necessary to maintain an excess over theoretical requirements in 
order to assure contact and a sufficient volume for sweeping the quicksilver vapors 
from the furnace In addition to this difference, furnace treatment usually infers 
greater capacity and contmuous operation 

Although it was probably not the first fumacing operation, as above defined, 
Iidpez Saavedra Barba is given the credit for inventing, or at least first applying, the 
sliaft type of furnace to the treatment of quicksilver ores Hus was m 1633 at the 
Santa Barbara mme m Peru The success of this tj pe of furnace led to its introduc- 
tion at the Almaden Mine m Spam by Bustamente, where a number of them were 
built withm the next twenty five years They have since acquired the name Busta 
mente furnace, and many of these ongmal mstallations, now 300 years old, are still 
m use 

Furnaces built up to 1916 (with only a few exceptions thereafter) are generall} 
referred to as the ' brickwork furnaces,’* because of the massive brickwork necessary 
to contam them Since that tune, the “mechanical fumacea” have taken over and 
are today the only type m use 

The brickwork furnaces were of several designs, origmatmg probably w ith simple 
ikadt, Tiua Aesign was 'later motliiiea, and the sbefl or tile luinacesbcr.oufc 

more popular owing largely to the requirement for treatmg fine ore A tabulation of 
furnace types follows 
Brickwork furnaces 

1 Intermittent type 

a Simple shaft furnace 

b Bustamente, mvented m Peru, 1633, and developed at the Almaden m 
Spam 
c Neat 

2 Contmuous type 

a Exeli, developed at Idcia, 1872 
h Knox Osborn, developed in California from 1872 
e New Idria Coarse Ore, developed at New Idria, 1900 
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d. Spirek, developed at Idria about 1910. 
c. Kroupa, developed at Idria about 1915. 

3. Shelf or tile furnaces. 

a. Knox Osborn, developed in California, 1870^s. 

5. Huttncr-Scott, more popularly called the Scott, developed at New Almaden, 
1875. 

c. Cennak-Spirck, developed at Idria, 1886. 

4. Side-hdl furnaces. 
a. Livermore. 

h. Fitzgerald, more properly a large side-hill retort. 

Mechanical furnaces 

1. Rotary furnace, developed at New Idria, 1916, 

2 Multiple hearth furnace, developed at New Almaden, 1910, more popularly 
referred to as the HerreshofT. 



Fig. 1. — Coarse-orc furnaces: 7, Ne^\ Idria typo; Knox & Osborn; 5, Exeh iron-clad. 


AVhile this is not a complete list of all furnace types, it represents the more soundh" 
designed furnaces and those A\hich have a production background. It represents the 
plants used not only in the United States but also in Spain, Italy, and other quick- 
silver-producing countries of the world, 

Funiaces listed under Brickwork furnaces, 1, 2, and 4, were all designated as 
coarse-orc furnaces. .Ml those under 1, also 2d, contained their fuel within the ore 
charge, and in those of the intermittent type the furnace was charged with a layer 
of ore and a layer of fuel until filled, the charges fire<l, and it was allowed to Inmi out. 
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The gases containing the quicks Iver vapor w ere drawn off the top into condensers (to 
be discussed later under that heading) After the fuel had burnt out the furnace was 
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The change to the continuous-type furnaces in the *70*s Tras required in order to 
gain greater capacity for the treatment of lower grade ores and the large demand for 
quicksilver for amalgamation by the gold-producing industry (in the United States). 
Although considerable change in design was required; the principle remained the 
same as in the earlier shaft furnaces. For the most part, it meant arranging suitable 
gateS; rakes, or doors for intermittently drawing off a portion of the roasted ore, pro- 
viding for suitable charging doors at the top of the furnace, and adding a firebox, 
cither near the bottom of the furnace or part way up (New Idria coarse-ore furnace), 
as most of these furnaces depended on the application of heat from an external source. 
Kilns of the shaft type as under 1 and 2, being made of hea^’^" brick walls and requiring 
a minimum gas-volume travel through the charge, had relatively high thermal effi- 
ciencies but were not suitable for larger capacities. For best operation, the ore had 
to be all coarse; else the fines would fill the interstitial openings and blind off a section 
of ore from heating. This feature together with a requirement for a relatively dry 
feed, in part, led to*the development of the shelf or tile furnaces listed under 3. 


chamber {TochsfeoUeehr 



Fig. 3. — Rotarj^ furnace 

Tiic three furnaces, here listed, are all known as fine-ore furnaces and, in addition 
to the reasons just pointed out, were developed because of the need for a furnace to 
treat the fine Ore made in blasting for larger scale production. It was the custom 
at the older plants, where only coarse-orc furnaces were installed, to make adobes of 
the fines produced in cobbing or sorting. The adobes were made by mixing the fines 
v.dih local mud into bricks (several sizes, though mostly about the size of a common 
brick) and sun-drying them. As the quantity of fines increased, this obviously became 
.an expensive procedure, and there developed the need for a furnace to treat fine ores. 

Although there was reputedly no collaboration or connection, one with the other, 
the three furnaces utilized the same principle in permitting ore to pass downward 
through a shaft furnace tlius keeping it from packing, to prevent blinding. This was 
accomplished in the Knox-Osborn and in the Scott by feeding the ore at the top of 
the furnace into one or more shafts, in which tile set at an angle of 45 deg. and stag- 
gered was set it\ the side walls. The ore pursued a zigzag course downward from one 
tile to the next, the tiles being set 3 to 6 in. from each other at the edge. Peepholes 
pennitted observation of the course of the ore as well as rabbling, should it hong up 
between tiles. 
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The essentjal difference betn een the Xnox Osborn and the Scott was an the firebox 
and the course of the hot gases through and over the ore In the Knox Oshom, a 
firebox the height of the shelf sj stem n as built on one side of the furnace The gases 
traveled horizontally across the furnace", under the tiles and over the ore, to tno 
chambers on the opposite side In these, the dust settled and the gases, including 
the quicksilver vapor, were drawn off In the Scott furnace, a low firebox on one 
side ivas used Hot gases from the firebox traveled across the furnace, as in fie 
Knox O»born, but only under the bottom two or three tiles At the opposite side s 
chamber receded these gases and reversed their direction so that they again traveled 
across the furnace, but in the opposite direction and the next two or three tiles higher 
There a similar chamber again reversed the direction for heating higher tiles and so 
on, depending on the height of the furnace At the top, the gases leave the furnace 
for the condensmg system 

The Cermak-Spirek furnace, developed at the Idria mine in 188C is similar to the 
above two types as to ore flow except that, instead of the flat tiles used for changing 
the direction of the ore, a pyramided arrangement of gable tiles accoioplishes the 
same purpose In regard to heat flow, it is similar to the Knox Osbom and, unlike 
cither furnace, it is usually built lower and with more tiles 

Mechanical Furnaces — The previously described furnaces are distinguished from 
the so-called 'mechanical furnaces ” largely by the lack of machinery required m their 
operation About the only mechanical equipment required (and it was not always 
used) was an exhaust fan for drawing the quicksilver laden gases from the furnace ami 
through the condensing system and, at the same time, ereatmg an adequate draft 
over the firebox for good combustion 

Tlic development of mechanical furnaces was possibly delayed (by comparison 
with, the mechanization of other metallurgical processes) because of two prmcipal 
factors (1) the brickwork manually operated furnaces made an excellent recovery 
when properly operated , and (2) the average quicksilver operation was small, subject 
to wide fluctuations of the market, and, consequently, usually not financially able to 
experiment with more expensiv e and complicated equipment 

In 1916, under demand created by the Second tiorld Mar, it became apparent 
that larger tonnages of lower grade ore would have to he treated It w ould not have 
been feasible to attempt to increase the size of the then popular Scott furnaces, and 
the break away from the brickwork furnaces began 

Although vanous types of mechanical furnaces ha\ e been built, the successful 
types are the rotary furnace and the niuUiple-heattb type furnace 

The rotary furnace la by far the most popular type in present use and has gained 
this popularity largely through its low mitial and operatmg cost, its great flexibility 
and ease of control, and m moat cases by considered design by the manufacturer to 
meet conditions encountered at the mdividual mme 

Three early attempts were made to apply the rotary furnace to quicksilver ore 
reduction although it w as suggested as early as 1876 The first attempt was made 
at the Socrates mine m California in 1903, the second at the Aurora mme m California 
m 1911, and the third at the Abbadia San Salvatore mme in Italy m 1913 Of the 
nrst two operations, httle is known, however, their failure to remain in operation 
probably indicates their lack of success The Italian operation has been well described 
by Huschak and Schuette{3], who outline the difficulties encountered and later over- 
come to a certain extent 

The begmnmg of the rotary furnace, however, may be dated from 1916 at the 
New Idna mine m California At this property, an experimental furnace was mstsMed 
in that year, and in the year following four larger furnaces were installed Th® 
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successful operation of these furnaces led to their further development and many 
subsequent installations. 

The multiple-hearth type furnace %vas first applied to quicksilver ore reduction 
also in 1916 at the Senator mine in California and the Goldbanks mine in Nevada. 
Furnaces of this type, known as the McDougal, Herreshoff, or Wedge furnaces, had 
been successfully used in many other t^^pes of roasting operations so that the applica- 
tion to quicksilver ore reduction was mostly a matter of adjustment of operating 
conditions rather than a change of basic design. 

In both types of mechanical furnaces, a continuous flow of ore passes through the 
furnace, and while the ore is in the furnace, it is continuously moved, agitated, or 
stirred. This brings all particles into direct contact with the hot gases of combustion 
and permits the quicksilver vapor to be quickly drawn from the furnace atmosphere. 
In contrast to the brickwork furnace, ore remains in the furnace only 30 to 90 min., 
as compared with 6 or 8 hr. up to several days. Nearly complete extraction of the 
quicksilver from the ore is obtained by roasting the ore above the sublimation tem- 
perature of cinnabar and by providing sufficient air to oxidize the sulphur quickly. 

Rotary Furnaces. — The rotary furnaces used in quicksilver-ore-reduction plants 
are of the familiar cement-kiln type. They include a slightly inclined steel shell 
supported and rotated on two riding rings, or tires, and driven through a pinion by a 
ring or girth gear fastened to the shell. The riding rings revolve in trunnions and are 
usually spaced so that the weight of the shell is distributed evenly. The ring gear 
and drive is usually near the upper ride ring, although this practice is not universal. 
At each end of the shell, it is necessary to provide gas seals in order to prevent the 
leakage of quicksilver vapors outward or an inward leakage of cold air. The seals 
permit the shell to rotate in the stationary hoods at each end of the shell, usually 
referred to as the firing hood and the dust chamber. The ore is fed to the upper end 
of the shell by any of several types of feeders, and as the shell rotates the ore rolls 
and slides downward to be discharged at the lower end. 

In usual piactice, kiln'" are counterflow, t.c., the ore is fed in at the upper end and 
the burner is placed at the lower end so that the gases of combustion and the volatile 
constituents of the ore travel counter to the flow of the ore and are drawn from the 
kiln at the upper end. There are, however, a few exceptions, which are later described, 
in which the kilns ar-' parallel flow. In this arrangement, the ore is fed to the kiln 
and tired at the upper end and the ore is discharged and the gases withdrawn from the 
kiln at the lower end. 

Rotary-furnace plants are usually rated by the size of the shell, with all other 
equipment being sized proportionately. The tonnage capacity bears a definite rela- 
tion to the size of the shell used, although such factors as moisture content of the ore, 
size and character of the ore, sulphur content (as cinnabar, free sulphur, or other 
sulphides), and type of fuel used, all influence capacity. One manufacturer[41 fists 
the following standard sizes, with average range of capacity for each size: 


Standard Sizes of Rotary Kilns 


Diameter, in. 

Length, ft. | 

Tons per 24 hr. 

21 

18 

8~12 

24 

24 

12-25 

36 

40 

25-40 

36 

48 

40-60 

48 

64 

60-100 

GO 

84 

100-150 
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There h-l^c been Wns of manj other sizes built, however, the sizes shown fa\e 
bctn accepted as suitable under roost circumstances A tvpieal la^ out for the 24 
in X 24 ft size together with other required equipment is shown m I-ig 4 

The shells are constructed of rolled steel plate ranging from H thickness for 
the Bina\lcr sues to Si tti the largest Rwetwl constnitlion. is most common, 
although several all welded shells have been used 



In Older to protect the shells and ns insulation, thej are al« ajs lined with fircbrwk 
or other refractor} matcri'il In the standard-size kilns, standard 
ans usually Uwl, thus giMUg an inside diainclcr 9 in less than the shell diamcten 
luted Standard O-in cupola Mocks are used m the 0O*in diameter kilns Because 
of theditlcrencc ii\ the nhras.i\e nature of various ores, it la difficult to gne an aiersge 
brick life Pgurc, howeier, it will prolnhl} range from 1 to S jrara of contmuoM 
operation Lining i3 a rclatutly mexpettsivc and simple operatioo that can 
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accomplished in 2 to 5 days, including cooling and starting-up time, depending on 
the kiln size. In order further to insulate the shell and gain greater fuel economy, 
most brick linings in rotary kilns are rested on asbestos sheets between the brick and 
the shell. This material, 1 in. thick and 24 X 36 in. in size, keeps the shell tempera- 
ture considerably lower and also cushions the brick, thereby prolonging their life. 

The inclination of the shell varies from Yi in. per ft. in the largest size to 
per ft. in the smallest size. Variations are made not only as to kiln size, but also to 
assist in adjusting the depth of the bed of ore in the kilns. This is also accomplished 
by variation of the speed of rotation, which ranges between 30 and 90 sec. per revolu- 
tion. The kilns are driven by an electric motor, through V-belt drive to a worm or 
lierrlngbone speed reducer and pinion to the ring gear. Motors installed range from 
1 to lYz hp. with about one-half the installed horsepower being required for operation. 



Fig. 6. — Shaker feeder (8-in.). 


Tlic seal rings (and expansion joints), located at each end of the shell, are of a 
number of types, A tight seal is nccessarj", although pressures seldom exceed in. 
of water, in order to prevent fume leakage or an inward leakage of cold air which 
would tend to condense quicksilver within the kiln or in the flues before reaching the 
condensing system. 

The firing hood, a brick-lined steel hood at the lower end of the kiln, contains the 
burner equipment and also provides for the disposal of the roasted ore into a bin or 
hopper below floor level. The dust chamber at the upper end of the kiln derives its 
name from early practice, when this was a large chamber, usually with baffle walls, in 
which the gases from the kiln were supposed to drop their dust by reduction in velocity 
and while still hot enough to prevent condensation of the quicksilver. The develop- 
ment and application of dust-collccting devices have reduced the dust chamber to a 
small, simple header for the kiln. 

Through the dust chamber, the ore is fed into the kiln. The feed to rotary kilns 
is never sized, and in kilns of the larger sizes, up to 3-in. material can be roasted with 
satisfactory extraction. The size is largely controlled by the feeder, and for the 
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smallcr-sizekilns, material up to IH m ” successfully handled The most satisfactory 
feeder for handkog all types of ore, unsized, uret or dry, is the shaker feeder shouji m 
Fig 5 The feeder, driven by motor through a variable-speed reducer, has a wide 
range of capacity and is mechanically simple The ore is fed into the hopper by 
griMty, and the feeder tube, rangmg from 5 to 10 in m diameter, resting on rolls or 
slides, IS carried back by the rotation of the cam At its point of maximum backward 
travel, it is released by the cam, and springs pull the pipe fonv ard against a bumper 
block, causing the ore to slide ahead in the pipe and on into the kiln A range of SO 
to 90 r p m of the cam and variable spring tension provide for easy adjustment to 
lanous operating requirements Where the feeder tube extends through the dust 
chamber mto the kiln, a seal must be pro\ ided to prevent leakage of fumes This has 
been successfullj accomplished by usmg a glass-cloth diaphragm attached to the 
feeder tube and to the dust chamber Motors mstalled for operation of the feedere 
range from 1 to lyi hp , and one-fourth to one-third of the mstaUed horsepower is 
requited for operation 

Firing Rotary Furnaces — Most American rotary furnace mstallations haie used 
od for fuel, however, wood, coal, butane, andnatural gas have been used Butaneand 
natural gas have the advantage of providing a clean fire, easily controlled but cost 
usually precludes their use Coal has not generally been used because of the avada 
hihty of other fuels and the fact that in order to obtain best results from this fuel the 
more expensive equipment required for powdered coal firing is required Wood has 
been used successfully at a number of mstallations where it was avaiLible and the 
transportation of other fuels was costly It is more difficult to maintam uniform 
temperature usmg wood fuel and the greater volume of gases of combustion reduces 
the capacity of the plant matenally 

Oil firing consequently, is by far the most popular, and lends itself well to flexi 
bility, case of control and economy of operation Fuels rangmg from 12 to 33®Bf 
are used, the higlier gravity oil usually being used m the smaller plants because of its 
greater flexibility It is of prime importance that, whatever fuel is used, good com 
hustion must result in order to prevent the accumulation of soot or tars m the con 
densing system together with the collected quicksilver Such soot or tars make 
the separation of the quicksilver far more difficult, as will be described under Soot 
Machmes 

Od firing of rotary furnaces has been accomplished m both low pressure and high- 
pressurc burners the latter predominating In either ty^ie, the burners are mounted 
on the firing hood and extend toward or into the lower end of the kiln In most 
operations the lower end of the kiln acta as the combustion chamber, however, some 
firing hoods have been constructed to contam the mixing chamber, ignition block 
and combustion chamber, with only the hot gases of combustion entenng the kiln 
Considerable progress has been made m recent years m the better design of burner 
equipment and its application, resultmg m better fuel economy Air is used for 
atomization, and vanous schemes have been utilized to preheat the oil and air The 
oil 13 usiialU preheated in a thermostat-controlled electric oil preheater, whereas the 
primary and secondary air are most often preheated by the utilization of the waste 
heat in the burnt-ore bin 

If the high pressure type of burner is used, air at 40 to 100 lb per sq m mu«t be 
supplied and requires 3 to 25 hp through the standard sizes of kilns Oil is usuaUj 
(though not always) supplied at similar pressures and requires I bp 

While the consumption of od vanes in accordance with the character of the orf 
moMturc and sulphur content size of kiln, and percentage of capacity at which the 
kiln » being operated it v. lU range between 4 4 and 8 gal per ton (see later discu«sion 
of parallel flow kilns) and probably average about 6)^ gal per ton 
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Although low-pressure burner equipment has been used successfully at a number 
of installations, it is generally conceded not to be so satisfactory as the high-press\iTC 
t 3 "pe when firing a dust}^ ore. The first cost of low-pressure equipment is equal to or 
greater than high-pressure equipment, and although power requirements are a little 
less, oil consumption is usuallj’’ greater. 

Multiple -hearth Fximaces, — Multiple-hearth furnaces consist of a cylindrical 
metal shell that supports conical or spherical arches of firebrick decked one above the 
other. A vertical central shaft running through the center of the brick arches carries 
rabble arms on the various decks, which on rotation rakes the ore across the decks. 
Tlie feed is at the top, either at the center or on the periphery of the shell, and the ore 
is raked first outward, then inward, as it drops through ports to the deck below. 
(The raking action would be reversed depending on whether the feed started at the 
center or on the peripherj^^.) 

The Herreshoff furnace, which is the most commonlj^ used multiple-hearth furnace, 
is shown in Fig. 6. This furnace is manufactured [5] in a number of standard sizes 
as follows: 


Outside diameter j 

of shell j 

1 

Number of 
hearths 

Tonnage capacit 3 ’’ 
per 24 hr. 

36” (i.d.) ; 

8 

2 

10' 0” 

4 

20 

10' 0” 

6 

30 

13' 6” 

6 

50 

16' 0” 

6 

75-100 

14' 3” 

13 

125 


The 36-m. size has been successfully used as a labor atorj^ or testing unit and also 
as a unit for treating concentrates produced bj” wet-concentration methods. The 
13-hearth unit is a new “three-zone furnace” Avhich is described later. 

The hollow central shaft is carried on heavy bearings and is rotated hy a bevel 
gear at the bottom, further reduction being obtained bj' a gear-reduction unit. The 
speed of rotation of this shaft normally ranges between 45 and 60 sec. per revolution 
and is determined largely' hy the period of contact required (or capacitjO ov the depth 
of bed of ore on the hearths. The power required is 2 to 3 hp. in the various sizes. 
The central shaft is hollow in order that cooling air maj” be blown through an inner 
pipe, out through the rabble arms, and back into the central shaft outside the inner 
pipe. The air is either vented at the top of the central shaft or piped back to be used 
as preheated air in the hearth areas. The power required to provide this cooling air 
is approximately 3 hp. Notable improvement has been made in the adaptation of 
heat-resisting metals for the construction of the rabble arms and raking teeth to give 
them greater life. With adequate air-cooling and design to permit eas}^ access, these 
items inaj' be changed with very little lost time. 

The ore is fed at the top of all furnaces of this tj’pe so that the ore must be elevated. 
This is commonly accomplished through the use of bucket elevators or belt conveyers 
which discharge into a small surge bin built dircctlj' on top of the furnace. From this 
bin or hopper, the ore drops onto a shelf above the lop hearth, from which it is “unped” 
off 1)3’ a feed knife attached to the top rabble arm. The speed of rotation of the central 
shaft or the pitch of the “wiper” governs the rate of feed. 

In order to maintain a \iniform bed on each hearth, it is neccsvsar 3 ' that the ore 
should be more closch’ sized than required in Totar 3 '-furnace operation; in. is 
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about the maximum size treated In some of the smaller plants this is reduced to 
% or H in 

As the ore travels downward from hearth to hearth, it is thoroughly stirred and 
exposed to the hot gases of combustion and is finally discharged through a port u» the 
bottom hearth to a bumt-ore hopper under the furnace or directly into a car for 
tramming away from the furnace 

In the operation of all multiple-hearth furnaces, it is common practice to use one 
or more of the top hearths for drjnng or preheating the ore, then droppmg onto the 
next one or more hearths for the roasting of the ore, and finally dropping onto one 
or more hearths for soaking and cooling before it is finaUy discharged 



I lo C — Dia-Eramniatic eketch. of IIcrteshoK furnaco 


Firing Hearth Furnaces — Multiplc-liearth furnaces, in fields other than quick’ 
Bilxcr, ba\c been fired with all fuels, however, as applied to quicksilver, the> 
in all but one installation, used oil The exception u?ed wood at first and finally 
onc-half wood and one-halt oil 

IJccnusc of the classification of the hearths into drying, roasting, soaking, or coolmS 
tones, the firing h done through ports m the shell on the roasting hearths In (»«*« 
of the earlier installations, separate fireboxes were built outside the shell, however, 
because of excessive fuel consumption, all modern installations fire through the shell 
and dircctlj onto the hearths Tow pressure burners, using approximate!' the ext"® 
range of fuels ns are used bj the rotary-furnace operations, arc used, and oil con- 



MERCURY 


491 


sumption varies because of the same factors that influence oil consumption in rotary 
furnaces. The average oil consumption, however, is slightly higher, probably approxi- 
mately VA gal. per ton. 

Three-zone Hearth Furnace. — A recently installed Herreshofl furnace, described 
as a ^Hhree-zone furnace,^’ is of interest in that an attempt has been made to utilize to 
as great an extent as possible the waste heat in air used to cool the central shaft and 
rabble arras and the waste heat from the roasted ore [6]. The furnace is 14 ft. 3 in. in 
diameter and includes 13 hearths, divided into three zones: the drying zone, consisting 



of the top -three hearths; the central heating zone, consisting of the next eight hearths, 
(he top two being preheat hearths, the next four being burner hearths, and the bot- 
tom two being soaking hearths; and the cooling zone, consisting of the two bottom 
hearths of the furnace. 

Figure 7 shows the furnace diagrammatically. Cooling air is forced up the central 
Column and a portion forced out through the rabble arms on the cooling hearths. 
This portion, together with air admitted through a port in the shell, is drawn off these 
two hearths through four ducts running to the bottom of the drying zone where it is 
passed over the wot ore. 

.‘Vnother portion of the central-column cooling air is forced through the rabble 
^rms of the two soaking hearths to combine with additional air admitted through a 
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port in tbe shell and provide secondary air {or the central heatniR zone This air, 
together with the gases of combustion and volatile products, is drawn off from the 
top o{ the central heating zone and sent through a dust collector and condensing 
sjstem 

Finall) , the remainder of the central-column air is forced through the rabble arms 
of the burner and preheat hearths without escaping to the central heatmg zone 
atmosphere, and tlicnce through holes m the rabble arms of the top drying zone 
directly on the ore In this zone jt combines wath air preheated m the cooling 
zone and is drawn from the top of the furnace bj a separate exhaust fan and sent to 
waste 

Substantial fuel savings over the conventional single-zone furnace are reported, 
and a capacity of 125 tons per day , or more, la obtained 

Because the design of the multiple-hearth furnace requires the installation of a 
number of brick arches, sprung with a relatively small rise and 'supported against 
a circular brick w all within the shell, a variety of brick shapes is required to make a 
complete lining Inasmuch as the hearths are largely protected by a bed of ore, there 
IS little abrasive action on the brick by the passage of the ore through the furnace so 
that brick life, from the standpomt of abrasion, is very good On the other hand, 
It is essential that the Immg be skillfully and carefully installed to prevent a hearth 
from sagging or droppmg Likewise, frequent shutdowns and start-ups have a 
tendency to aggravate this condition and should be avoided 

Companson of Rotary and Hearth Furnaces — ^To compare the rotary furnace with 
the Herreshoff furnace, it must be realized that in few instances is there an oppor- 
tunity to make direct compaiiaon on the same type of ore and the same management 
At the Bonanza mine in Oregon, the first installation was a Herreshoff, which was 
followed bj two rotary furnaces After the installation of the rotaries, all ore was 
screened and the fines roasted in the Herreshoff, the coarse going to the rotaries 
The Pinchi Lake mine in British Columbia made an origmal installation of two rotary 
furnaces followed by three Wedges In this operation, likewise, the fines were 
screened out and fed to the Wedge furnaces In each of these operations, and it may 
be gcnerallj stated, with proper operation the extraction of quicksilver from the ore 
maj be made equally w ell in either furnace Fuel requirements are somewhat higher 
for the multiple-hearth furnace, and power requirements are possibly slightly higher 
for the rotary furnace Although brick wear by abrasion is higher m the rotary, it » 
doubtful if over-all brick co«t is any greater because of the more extensile shutdown 
required for the occasional repair necessary m the hearth furnace and the more 
expensive brick required From the standpoint of general mamtcnance, the rotary 
furnace has the advantage The rotary is simpler to operate and a good deal more 
flexible than the hearth furnace Again, m point of initial cost, the rotary has the 
adiantage It is quite natural, therefore, that rotary furnace installations haie 
exceeded 'multiple-hearth-fumace installations by several limes 

Flow Sheet of Furnace Plants — Beyond the furnace, the flow sheets of most 
rimcksilver-orc-rcductioiv plants show a far greater similatity Notable changes in the 
equipment beyond the furnace took place about the same time as the del elopment of 
mechanical furnaces and have been developed with, and because of, the furnace 
dcidopment This was primarily necessary because of the change of character of 
the gnat's evoh cd from the mechanical furnaces as compared w ith those of the earlier 
brickwork furnaces In the earlier furnaces, many of which operated under natural 
draft, gas \olumM were relatiiely smaller, because of lack of mechanical agitation 
of the ore and the smaller gas volumes (and correspondingly, i elocity) less dust was 
carried in the gas stream out of the furnace, a good many of the furnaces predned the 
ore feed before it entered the furnace (a feature used m part m modem Herreshoff 
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furnaces), thus reducing water vapor in the condenser gases; and since the develop- 
ment of mechanical furnaces, there has been a substantial reduction in the average 
grade of ore treated, thus reducing the percentage of mercury vapor in the gas stream. 

In the earlier brickwork furnaces, the condensers, therefore, were far simpler — ^but 
probably less effective. Dust was not a serious problem and was usually removed 
from the gas stream by passing the gases through a large brickwork or masonry 
chamber while they were still hot enough so that the quicksilver would not condense. 
A reduction in velocity and, at times, baffles, screens, or sprays within this chamber 
were depended upon to clear the gases of all dust. They then passed into one or 
several similar chambers, sometimes through a spray of water, for condensation and 
collection of quicksilver. Although their advantage was simplicity, these condensers 
had numerous disadvantages: they were more expensive than modern condensers; 
being built with hea^’y walls of material of low thermal conductivity, their rate of 
licat transfer was low and they were necessaril}'^ large; the materials of construction 
would absorb considerable quantities of quicksilver which either would be lost by 
leakage into the ground beneath them or would be tied up until a portion of this loss 
could be recovered by “mining” the area under old condensers and the condensers 
themselves reburned; they presented a difficult cleanup problem in that it was not 
possible to centralize collection; and they created a very severe health hazard as 
cleanups frequently meant entry to the chambers for hoeing or flushing out. 

The two principal factors, however, that led to improved dust collection and 
condenser design were the increased amount of dust generated in the mechanical 
furnaces and the smaller amount of quicksilver in the condenser gases. 

Dust Collectors. — Improved dust collection began with the installation of several 
Cottrell electrical-precipitation units, one on the Herreshoff at the New Almaden 
mine, and subsequent installations on rotary-furnace plants at the Sulphur Bank mine 
in California, the Opalite mine in Nevada, and the Arizona Quicksilver Co.'s property'' 
in Arizona. At the Sulphur Bank, two Cottrells were installed, one to precipitate 
the dust, called the “hot-treater,” and one to precipitate quicksilver, called the 
“cold-treater.” Although quite effective, their initial cost and high cost of main- 
tenance were excessive and collectors of the familiar cyclone type came into general 
use. 

The use of the first cyclone-type collector at the Knoxville mine in California was 
followed by its installation at many other plants, and today it is accepted as the most 
satisfactory unit for either the rotarj^ or multiple-hearth furnace. The more popular 
type in use is the single-cone type with a fairl}’’ large diameter, although several of the 
inultitube type, in which one or more small cones are installed, have been used. 
Initial cost favors the former, results are about the same, and wear or plugging is 
against the multitube type. 

The quantity and character of dust collected varies over rather wide limits. In 
quantity it will probably range from as little as of 1 per cent to over 2}^ per cent 
of the feed. In many plants the operation of the fire or condensing sj'stem is given 
more consideration than the operation of the dust collector; however, they seem to 
function quite efficiently over a range of volumes and temperatures. Cj^cloncs of the 
Sirocco type are designed to work most efficiently and at reasonable back pressures 
when the gas enters at velocities of 1600 to 2000 ft. per min. Tlie gases leaving any 
quicksilver furnace must be kept above the dewpoint; licnce the gases entering the 
cylconc are relatively hot. The temperature will vary according to furnace design 
and operation as well as the grade of ore (t .c., concentration of quicksilver vapor in 
the gas stream) ; however, it will usuall}' range between 400 and 600®F. In the case 
of the parallel-flow rotarj" kilns, later described, the temperature of the gas learaig 
the kiln is considerably higher. 
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By employing a properly 8 i 2 ed collector Tilth flues of such size that velocities arc 
not excessive and by maintaining temperatures above the dewpoint, the dust collected 
should be yen Imv in quicksilver content The loss is attributable to finely divided 
cinnabar carried out of the furnace by the draft and also to condensed quicksilver 
Obviously, the amount of cinnabar depends largely on the character of the mineral in 
the ore if the cmnabnr is finely crystalline or if the ore is mostly fines, there Toll be a 
greater tendency for the cinnabar to be earned over than if it is heavily crjstallmeor 
the ore coarse Condensation of quicksilver in the collector is usuall} caused by 
cooling of the gases in “dead pockets" within the collector It baa been found that 
when ores mnning 8 lb per ton of less are being treated, the collected dust approxi 
mates the grade of ore being treated As the grade of ore treated increases the loss 
increases someTvhat but not in direct proportion Because the dust collected is a 
small amount, the total loss of quicksilver, either in quantity or b> percentage is 
usually small and at most operations is discarded At several plants honever 
flotation, blankets or hydraulic classification has been employed, w ith \ ar j mg results, 
to recover a part of this loss 

Condensmg Systems — The improvement of the condensmg system as previously 
stated, was largely mfluenced by the reduction in grade of ore being treated Eco- 
nomically, there was the requirement that the maximum recovery should be made — 
a fact that probably was given less consideration when the more profitable higher 
grade orea were bemg treated Metallurgically, the reduced concentration of quick 
silver vapors m the gas stream lowered the dewpomt and required condensers of 
greater heat-dissipatmg characteristics than were formerly used This point has 
been graphically illustrated by Duschak and Schuette[3] In attempting to satisfy 
these two requirements, the other disad\ antages of the bnckwork condensers were 
also attacked 

The function of a condensing system is to cool the furnace gases to below the 
dewpomt, at which condensation begins, and then collect the finely divided globules 
of condensed quicksilver from the condenser atmosphere and structure The cooling 
13 primarily essential, the collecting should be as simple and complete as possible 

There has probably not been, since 1917 and 1925, ns thorough or comprehensi\e 
a study made of quicksdver-furnace gases, their condensation, coUeetion and losses, as 
set forth m the V S Bureau of Mines Technical Paper 9617] and the U S Bureau of 
Jlftnes Bulletin 222[3] The conclusions reached refer principally to condensation of 
quicksilver bearing gases from Scott furnaces and m types of condensers now con 
sidered obsolete It is probably true, however, that much of the subsequent thinking 
was a direct result of the pubhcation of this information and that directly or indirectly 
many of the findmgs were applied to new designs In fact, how ever, a direct applies 
tion of theoretical requirements to the design of a condensmg system is impractical, 
if not impossible The variation of composition of ores and moisture content, the 
building up of quicksilver soot on the walls of the condensers, the variation of gas 
volumes and velocities, changes m atmospheric temperature, pressure, and humidity, 
and the always variable grade of the ore are some of the factors that would have to 
be considered in design As a consequence, and with as many of these factors as 
possible in mmd, condensers were designed, in the builder’s opmion, to be adequate 
for the most demanding conditions of the particular installation Uofortunstelj, 
thia opinion was not always sufficient On the other hand, several types have been 
designed which proved to be efficient w hen working within their limits, and sires have 
been developed to which the builders are wiUuig to assign a capacity, based largely 
on averagmg the above factors agamst the ore to be treated When appbed con- 
servatively and with experience and when careful and uniform plant operation is 
obtained, good rreults are secured more often than not 
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In an attempt to improve the cooling capacity of condensers, it was natural that a 
Ijrcak from brick or masonry chambers was the first step. Early ‘installations using 
metal, glass, wood, and chemical stoneware were tried udth.vaTjdngguccess; however, 
they wxrc not gcnerallj^ used until the advent of mechanical furnaces. Soon after 
their introduction, common 'vdtrified sewer tile was adopted in several different types 
of layouts. The simplest were no more than long flues, usually leading from a brick 
or masonry dust chamber to a stack. In size they varied, depending on the volume 
of gas to be handled, and were often in several strings. This type of system was 
difficult to clean up and scattered the condensing system over quite a length. The 
next step was in compacting the tile systems into units, mounted from nearly hori- 



Tig, S, — Single-row double-deck cast-iron condensing system. 


zontal to vertical, by reversing the flow of the gas stream at frequent intervals. A 
number of different types have been illustrated in U.S. Bureau of ^[mes Bulhlim 222 
and 335[S]. The most popular European type of condensing sj'stem, known as the 
Cermak condenser, is made of stoneware and consists of pipe joints set vertically 
with return L’s at the top and bottom, the bottom L’s having an outlet to facilitate 
cleanup. The gas travels up and down through the system witli frequent reversals 
of direction. 

Tlio tile systems used in this country were far better than the earlier bricirwork 
designs, offering better cooling capacity, centralized cleanup, good baffling action, low 
cost, and as applied to the indust ly offered a generally better designed condenser 
than had been employed theretofore. Tile resists the corrosive action of the sulphurous 
acid Condensed in the system and has a fair resistance to the thermal .shock imposed 
by starting or stopping the operation of a plant or by a spray placed in the sj^stem 
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cither lor coobng or knockung down dust In time, ho■^e\CT, it has a tendency to 
crack and require repair 

Metal Condensers — Although metal condensers had been tried on the bneknork 
furnaces, after the period of popularity of all tile condensers (roughly 1017 to 1927], 
they were again introduced following tUc-conden«cr design (except that pipes were 
always set vertically) Materials that have since been used, in the order of their 
popularity are cast iron, sheet steel, stainless steel, and Monel metal Each has 
been used alone in combination with another, or in combination with tile pipes 

The use of metal pipes immediately ilraivs the criticism of poor resistance to the 
corrosive effect of the acid conden'^ate within the bj stem Cast iron pipe is most 
commonly used and is prolnblj included in more plants than an> other material 
One manufacturer uses exclusively a centrifugal!) east iron pipe for -ftbich l$ claimed 
a much better resistance to corrosion than the ordinary cist iron The pipe used is 
10 in m diameter, has a wall thickness of 0 ■I 5 in and is made m 12-ft lengths with 
bell and spigot ends Ihe sj steins arc usually installed as shouh in Fig 8, in stands 
two lengths high and with specially cast return h a for making the top connection and 
specially cast hoppers for the bottom connection In standardizing on n single size 
of pipe the system maj bo sized m accordance w ith volume and vclocitj requirements, 
by length and by splitting the gas stream mto more than one rou of pipes 

Although there is a definite relation between area or length or volume contained 
in the condensing sy stem, it has been many times illustrated that the relation is not 
in direct ratio to the tonnage being treated This is probably in part due to variations 
in excess air required in the different sizes of mechanical fumnees, differences in rate 
of heat transfer caused by different gas velocities, or difference"* in composition of 
furnace gases 

Table 3 shows the make-up of sev oral sizes of cast iron condensing sy stems apphed 
to standard rotary furnaces with unit figures based on their maximum capacity m 
tons of ore treated per day 

The figures cited must bo taken as average, as wide lariations can exist owing to 
an extreme condition m one of the tariable factors previously mentioned as affecting 
the design of a condensing system 


Table 3 — Typical Sizes of Cast-ibon Condenslxo Systems 



1 SRDD indicates a single row of pipes double decked (2 to I2-ft joints 24 ft b gW 
DBDD indicates a double row of pipes do tbie deeked (2 t<* 12-ft. joints 24 ft high) 

TBDD indicates triple row of pipes double decked (2 to 12 ft joints 24 ft. high) 

•Pipes are cast, won 15 in id 12 ft long 0 45 in wall thickness bell and-epigol ends 
» Hoppers are cast iron 16 la id return L a but with an outlet at the bottom for water seal and 
cleaning 

‘ Returns are cast iron 1 6 in id. return h s but w ith a cleanout liole oi er each outlet for clesniag 
of pipes 
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In operation cast-iron condensing systems are simple and efficient. The}’' operate 
at input temperatures varying from 450 to 250®F., and outlet temperatures of 100 to 
1G0°F. Because a coating of quicksilver soot builds up on the walls of the pipes, the}’’ 
are periodically washed down at inter^^als ranging from 24 hr. to 14 days. The fre- 
quency depends on the amount of dust escaping the dust collector, the quantity of 
sulphur reprecipitated, the accumulation of soot or tars caused by imperfect combus- 
tion in the furnace, the amount of moisture and quicksilver in the ore, and occasionally 
on a routine requirement for shutdown for sersdeing power plant or other equipment. 
In multiple-row systems, dampers are occasionally installed so that one row may be 
washed down without necessitating a cessation of furnacing. The time required for 
washdown varies from about 30 min. to 2 hr. In the washing-down operation, a hose 
with a spray attachment is dropped into each stand of pipe through the cleanout 
holes in the returns. The soot, or mud, drops to the hoppers where it is caught in 
buckets under each hopper spout. The buckets are removed, emptied, and replaced 
for further operation. Between washdowns, there is a certain amount of “drop- 
down^' which is collected daily or oftener if required. The ratio of material collected 
in the drop-down to that collected in the washdown varies considerably. In most 
instances the higher the sulphur content in the ore, the greater the hang-up, although 
on the average, the amount collected in the washdown approximately equals the total 
collected by daily drop-down. The buckets collect the drop-dovm continuously by 
maintaining a water seal over the hopper spout. The buckets used are usually hard 
nibber to resist the corrosive action of the water. 

The cast-iron pipes, hoppers, and returns, though attacked by the sulphurous 
solutions, vary in life depending mostly on the sulphur content of the ore being 
treated. In the hot end of the condensing system and before the dewpoint of the 
water vapor is reached, they will last almost indefinitely. As the gas stream becomes 
wet, the metal is attacked, and in this portion of the system, the life varies from 1 to 
5 years. Despite the requirement for replacement, but because of their low initial 
cost, the ease of installation, and their high rate of heat transfer, they are the most 
popular type in operation. 

Sheet-steel condensers, of welded construction, designed to the same layout as the 
cast-iron system, have been installed in several reduction plants. They have been 
built of material ranging from IS gage to in. thickness. Their resistance to cor- 
rosive attack is less than that of cast iron, and the lightweight material used only 
justifies their installation for the treatment of very low sulphur ores. They have 
been particularly popular in Nevada installations whose ores are most often of this 
t}’pc. Although they have a somewhat higher rate of heat transfer than cast-iron 
pipes, they arc usually constructed in about the same sizes. 

There were a few Monel-metal systems built, ranging in weight of material from 
24 to 2S gauge; however, their performance did not justify the original cost. 

Stainless steel, t}'pc 317, has been included in a combination system at Nevada 
property, together with sheet iron and cast iron. The system is made up of a large 
number of 9-in. -diameter pipes, 12-gauge black iron being used in the hot end of the 
system, cast iron being used in the middle, and stainless steel at the cold end. The 
resistance of the stainless to sulphurous attack is good ; however, the occurrence of 
occasional chlorides in this ore adds a corrosive constituent to this gas not found 
elsewhere, and one that attacks the stainless-steel pipes. 

Several installations have economically and efficiently combined sheet steel with 
cast iron and sheet steel Avith tile, in cither case the sheet steel being installed on the 
Iiot end. 

Several methods have been used for connecting the pipes at the top and the bottom 
of the stands; however, the most commonly used is a cast-iron or fabricated-steel 
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return L ^ext m popularitj is the use of tile "i brinclies, tne straight section being 
set on a 45-deg slope with the branch pointed i crticallj up^ ard Sc\ eral "i branches 
may be joined to form a common base for several stands of pipe The bottom end of 
the branch line is often submerged m a tank o! water to provide a water seal and 
prevent leakage durmg cleanup 

The top coimections are po'isiblj more \aned as to detail but usual!} simulate the 
return L the 1 branch or a T with or without cleanout openings 

It will be noted that in attempting to unprov c the cooling capacity of condensing 
systems which ultimately resulted m largely swinging to metal condensers the other 
objectionable features of earlier systems ha\c al*o been improved Costs as shown 
later are lower The almost complete elimination of spra}s at least inside tie 
sjstem has been advnssblc for several reasons the satisfaetorj application of dust 
collectors has lessened their requirement for knocking down the dust there is fe<!s 
water overflow from the condensers reducing water losses the cooling efficiency of 
water m the system is poor and the spray of water on a metal pipe hastens its failure 
b} corrosion T\ atcr spra} s are sometimes applied to the outside of metal s}steirs 
although this is u«iuall} done to make effective an underuzed B}Stem, to mcrease the 
capacity of a system or to combat excessive summer atmospheric temperatures 
Modem sjstems have been compacted so that cleanup can be made m a relatnelj 
small area and mechanical losses thereby reduced The reduction m the hialll 
hazard has been one of the more important accomplishments of new sx stems Leal 
age has been reduced to a minimum bj making the condensers of an urpcnirus 
material which upon the first break through is easily detected and repaired the method 
of cleanup exposes w orkmcn to a minimum of quicksiK cr fumes md because of tl cir 
simplicity and compactness there ls le«s quicksilver tied up to contmiinate tie 
atmosphere around a quicksiiv er plant 

Exhaust Fans — Discussion of exhaust fans has been given ahead cf elescnption 
of the condensers as tlicrc arc three locations~for cither rotarj or Herreshoff furnace 
installations^ — ^in which they have been placid 

The location determines the physical requirements neccssar} ir the exhauster 
although it IS doubtful that there is anj material metallurgical advantage m one 
location ever another 

Man} of the older brickwork, plants used exhausters for maintaining a draft over 
the firebox and these exhausters w ere nearly alw a} s located at the end of the con 
densmg system or at the base of the stack They operated in a wet and corrosive 
atmosphere at tcmperatur“3 probably ranging from 90 to IdO^F and were commonly 
made all, or m part, of w ood to resist corrosive attack 

In modern mechanical furnaces the} have been placed (1) between the furnace 
and the dust collector, (2) between the dust collector and the condensers and (3 
betvvecn the condensers and the settling tanks or stack 

Although there were a number of installations made as m 1, the temperature of 
the gases at this pomt gave rise to operatmg difficulties in bearing wear and abrasive 
attackhy the dust-laden gases This w as partly overcome by the vise of water cooled 
bearmgs, but these did not prove entirely satisfactor> 

The bulk of mstallations are as m 2 At this pomt, gas temperatures are seldom 
over 400®F and improv ement m ball bearing design and the inclusion of heat 
reflectmg plates and fans on the exhauster shaft make modem exhausters entirely 
satisfactory in this temperature range By placing the exhauster after the dust 
collector, abrasive action of the dust is nearly elimmated and the gases are still hot 
enough to be dr} and therefore noncorrosiv e 

The installation of the exhauster at the end of the condensing system has beccir c 
more popular with the development of acid resistant exhausters The old woed 



MERCURY 


499 


scroll and wood-impeller designs are unsatisfactory; however, corrosion-resistant 
metals or rubber-coated exhausters are quite satisfactory. The latter are more 
commonly used and, barring accident to the coating, are useful for a long life. 

It may be argued in favor of location 2 that (a) there is no corrosive attack by 
web gases, (b) better dust-collector action and draft control is gained, and (c) any 
leakage in the condensers is immediately discernible and can be repaired. In favor 
of location 3, (a) severe bearing wear is eliminated, (l^) a smaller volume of gases is 
liandled because of the lower temperature, and (c) the condenser system is always 
under a negative pressure, thereby preventing leakage of fumes. There is probably 
little to choose by except individual preference and the somewhat higher cost of 
the rubber-coated fan. 

All modern installations use electrically-driven exhausters, many of which are 
equipped with variable-speed drives in order to make adjustments easily and quickly 
to control draft properly under variable conditions. The power required varies from 
about 1 hp. at 10 tons dailj^ capacity to 10 np. at 150 tons per day. 

Settling Tanks. — The utilization of settling tanks beyond the condensing system 
has become standard practice on most mechanical-furnace installations. Their 
function as a cooler in the condensing system is all but precluded by the fact that the 
gases at this point arc wet and corrosive and that to be effective as a settling tank 
they must be large, so cannot be economicallj^ built of material with a high rate of 
heat transfer. As a consequence, they are commonly built of wood. Tanks have 
ranged from 5 to 24 ft. in diameter and 6 to 20 ft. in height, and may be installed 
singly or in number. In a commonly used tank, the staves are 20 ft. in length and 
the tank is 10 ft. in diameter and is supported by ^i-in. steel-rod hoops. A conical 
redwood bottom facilitates cleanup. Entry, from the condensing system, is usually 
made by cutting a hole in the side of the tank, so that the entry pipe can be inserted 
on an upward angle anywhere above the cone. The exit pipe is similarly cut in 
just above the cone and may lead to another tank, or stack line, or the stack maybe 
mounted on. the side of the tank. Connection pipes are usually made of wood-stave 
pipe or tile. 

Although these tanks are poor coolers, they do provide a settling area in which 
final traces of uncollected quicksilver may be collected. The reduction in velocity, 
plus the baffling effect gained by the eddying of the gas stream within the tank, assists 
in collecting the minute globules that may have carried through the condensing system 
attached to a particle of dust or droplet of water. In some installations, baffles or 
sprays have been added to the tanks. 

Tlic use of settling tanks adds a safety factor to the operation of all plants in 
standing by ns additional collector in the event of misoperation of other units within 
the plant. likewise, it provides a measure of over-all operation in that, if more than 
the usual amount of quicksilver is collected from the tanks, the condensing system, 
tonnage, and draft should be checked for changes from normal operational procedure. 
The normal amount collected, ns in the condensing system, varies according to 
several factors; however, the tank sj'stem should not collect more than 1 per cent 
of the total quicksilver collected. If it exceeds this amount, stack losses may be 
excessive. 

Stack Lines and Stack. — Beyond the tank system, the condensation and collec- 
tion of quicksilver should have been essentially completed. The stack, therefore, is 
primarily to convey the gases of combustion, water vapor, sulphur dioxide, and other 
gases away from the plant for waste. The importance of a stack line, ?.c., the line 
from the tank system to the base of the stack, has largely declined with the universal 
application of exhaust fans to proWde draft control. There are some, however, who 
continue to advocate their use, although it would seem that their only advantage 
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%vould be as an additional collecting facility or to raise the stack to such an elevation 
that power requirements on the exhaust fan are reduced Modem plants are, there- 
fore, about equally divided between those using a stack line and those whichmount a 
stack on or alongside the final tank Stack lines, likea ise, are about equally divided 
between tile and wood construction, whereas stacks arc almost entirely of wooden 
construction Ecdwood is the commonly used wood in the construction of tanks, 
connection pipes, and stacks, although fir has been used It withstands the action 
of the acid quite well, and the life of these units will probably average 5 to 10 jears 
The temperature of the gas at the stack should not exceed 140“P , lest high stack 
losses be encouraged Thej will run down to relatively low temperatures depending 
upon the atmosphenc temperature 

Soot Machines — Soot machines have been developed to handfe the product of the 
condensing system, commonly referred to as “soot" or “mud," although m most 
of the older plants, and even up to quite recently, it was worked by hand Soot 
includes dust that escaped the dust collector and was knocked down in the condensers, 
unoxidized sulphur precipitated out of the gas stream, residues from unburned fuel, 
precipitates from other volatile constituents of the orC (As, Sb, etc ), water and quick 
silver It IS collected m buckets or launders under the condensers, settling tanks and 
from the stack bne and stack The quantity vanes greatly, as previously shown, 
as does the percentage of the constituents 

Older practice consisted of decanting the water from soot, mixing in unslaked hmc 
to dry It and make the finely divided (floured) quicksilver coalesce mto large globules, 
and hoemg The soot was placed on an iron table varying in size from 12 to 50 sq ft 
with 4 in sides and set w ith a slope to one corner It w as then manually hoed (muted 
and raked) across the table, and the separated quicksilver flow ed to the low corner, 
from which it overflowed through a gooseneck to a storage pot 

Under the table, steam or hot- water pipes and not uncommonly a wood fire assisted 
in diymg the soot and facilitated the separation The quicksilver iumes escaping 
from the table, though probably not so large as to constitute a serious loss of quick- 
silver, contaminate the surrounding atmosphere with a concentration sufficiently high 
to be dangerous to the workmen Various ventilating systems have proved onl> 
partially successful 

Because of this hazard, the cost of labor, and the fact that a sometimes rather low 
recovery la made by hand hoemg, numerous mechanical devices have been, devised 

The most w idely used is a Circular pan, 3 to 6 ft in diameter, with a vertical central 
shaft to carry mixmg and stirrmg paddles The soot and lime are placed m the pan 
and hoed by the rotation of the paddles either for a predetermined period or until the 
soot IS impoverished of the bulk of the quick'ulver For best operation, the paddles 
rotate at 5 to 10 r p m , and the pan is set on an mcbnation of about in per ft 
A slot at the low point of the pan, connected with, a gooseneck, creates » pnddle which 
assists in the coffection of the finely divided quicksilver The pan rosy or msj not 
he equipped with a heating device, although a hot-water compartment, kept at 150 to 
160°F , materially improves results The top of the machme may be tightly enclosed, 
thereby preventmg fume leakage When driven through a w orm reducer, the power 
required ranges from 1 to 5 hp 

Jfany other devices have been used, some with good success, but the above type 
IS most commonly used Other t j pes include agitators (both w et and dty), centrifuge 
types, presses, screw classifiers, and probably many others 

In most instances the hoed soot is returned to the furnace feed so that the unn^ 
claimed quicksilver m the soot is ultimately recovered At some plants a retort is 
kept in operation for the treatment of the hoed soot on the basis that returning tW 
soot to the furnace only increases the dust problem Because the soot collected 
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seldom exceeds 10 per cent of the dust collected, this does not seem important, and 
at several operations tests showed that dust conditions were no less favorable when 
tlie dust was returned to the furnace- 

Auxiliary Equipment. — Additional equipment required in the modern furnace 
plant is not extensive and includes that common in other milling plants, such as bins, 
crusher, screens, conveying or elevating equipment, and a power plant. 

Bins required are for coarse and fine ore and for burnt ore. Many of the new 
plants have utilized steel bins for fine ore and burnt ore but have kept wood bins for 
coarse-ore storage. The result is larger coarse-ore storage and a reduction in fire 
hazard in the main plant. Many concrete burnt-ore bins are in use, and although 
they have a tendency to crack from the heat, their usually small size (10 to 75 tons 
capacity) docs not make this serious. 

The crushing of quicksilver ores is perhaps less difficult than that of many others. 
Except for the opalite and rhyolite ores of Nevada and Oregon, a few hard limestone 
ores, and still fewer hard serpentine ores, most quicksilver occurs in sandstones or 
shales that are relatively easy to crush. In preparation for rotary furnaces, the ore 
does not have to be reduced to less than 2 to 3 in., which can be accomplished in a 
single pass through a jaw crusher. Inasmuch as hearth furnaces require a smaller 
size of feed, installations for plants of this type usually include a jaw crusher in closed 
circuit with a shaking screen and necessary conveyer or elevators. Because the 
greatest number of quicksilver plants fall within the range of 20 to 75 tons daily 
capacit 3 % jaw crushers commonly range from 6 X 8 in. to 10 X 20 in. in size and are 
mostly of the Universal or Blake tj^pe. Screens, where used, are of the shaker type 
and are sized according to the hearth-furnace requirements. 

Con%"e 3 ^ers or bucket elevators, because of the usually small capacity required and 
because plants are relatively compact, are not extensive. 

Table 4. — Installed Horsefoweb Requirements for Rotary-furnace Plant 

Installations 


Daily plant capacitj', tons 





25-40 

4O-60’ 

i 

60-100 

100-150 

1. Kiln 

1 

! 1 

2 

3 

1 

3 

5 

7K 

2. Feeder 

1 

2 

3 

3 

5 

m 

3. Exhaust fan 

1 

2 

3 

5 i 


10 

4. Compressor for oil firing 

3 

5 

7M 

10 

15 

25 

5. Oil pump 

M 


K 



1 

G. Oil preheater 

H 

m 

2 


3J4 

4 

7, Cmsher 

5 


10 

15 

20 

25 

8. Conveyer 

1 

2 

3 

3 

5 


9. Idghts and miscellaneous 

2 

2 

3 

3 i 

5 


10. Total horsepower installed 

15 ' 

24 

35 

45 

66H 

1 97M 

11. Usually" installed generator, kw. 

15 

20 

30 

40 

50 

75 


Items *4, 6» 7 8. and 9 are at average conditions. 


The power requirements for all quicksilver-reduction plants are relatively small. 
Although the number of plants that are served by power companies are increasing, 
the majority of plants have to generate their ovm. Tlio power consumed in the early 
plants, as already slated, was little and was uguallj' steam. This was replaced vdth 
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the development of the oil engine, and up to the First 'World War most plants were 
line shaft driven Since that time, however, the impro\einent of diesel engines has 
been responsible for their greater appbcation together Tfith aUematingHairrent 
generators This has made possible individual electric drives on each piece of equip- 
ment with attendant greater flexibility and efficiencj 

The installed horsepow er requirements of rotary furnace installations, together 
with the usually installed size of diesel generator plant, are shown in Table 4 Re- 
quirements for compressor and oil preheater are subject to change for altitude and 
climate conditions for the crusher depending on type of ore, and for conveyer and 
lights and miscellaneous on topographic, camp, laj out, and other factors 

Actual poner consumption will be approximately one-half the installed horse- 
power when the plant is operating contmuously 

Control of Operations and Assaying — Quicksilver-plant operators largelj depend 
on the manufacturer to provide a furnace designed to operate efficiently within a 
certain tonnage range on a particular type of ore As a consequence, it is up to the 
manufacturer based on an estimation of tbc various factors previously described and 
experience to provide a plant meetmg the tonnage specifications Tangible and 
intangible factors are, therefore, considered in such design, and after installation is 
made certain tests can be performed to set up operating conditions at various tonnages 
Likewise suc'h tests should be performed when changes of ore occur, as m character, 
grade, and moisture and sulphur content, or w hen equipment or other related cotiili 
tions are changed 

The tests consist of making an accurate detcrmmation of the weight of the ore 
being treated and its moisture content, the grade of ore must be determined, the fuel 
consumption must be measured a determination of the COi content in the furnace 
gases must be made and pressure and temperature rcadmgs must be taken through 
out the plant ^ ith the results of these tests in hand and as described m more detail 
m U S Bureau of ^^^nes Bullehn 335(8], it is possible to adopt operating conditions 
withm safe limits 

In practice it h common to measure ore bj occasionally weighmg a cubic foot and 
then assigning weights to cars trucks or other moans employ ed to transport the ore 
into or awav from the plant Few plants weigh automatically or contmuously 
Likewise occasional checks are mode on moisture content and grade of ore The 
difficulty m sampling of quicksilver ores due to the erratic occurrence of the cinnabar 
in the ore and its fnabibty and tendency to concentrate in the fines mcreases the 
difficulty of checking metallurgical operation, however, if carried out carefully and 
with due recognition of the factors inx olved, sampling will give good results Assays 
mg the samples is usually performed m the IVTiitton apparatus or by the so-called 
Bureau of Mines method [9] the latter being preferred because of its greater accuracy 
and because assays may be made more quickly 

In the Whitton method, the ore sample, together with fluxes, is placed in a metal 
retort tube closed at one end A clean, weighed gold or silver foil is placed over the 
open end and a metal cup clamped down on it, sealing the retort The cup is filled 
with water, and as the retort is heated, the quicksilver vapior rises m the retort to the 
foil, on which it condenses and amalgamates The foil is agam weighed, the increase 
showmg the amount of quicksilver in the sample 

The Bureau of Mines method described m detail m Technical Paper 227, consists 
of volatilizing the quicksilver m a sample in a test tube, and collecting the quick 
sdver on the cold upper walls of the same test tube After complete volatilization of 
the quicksilver, the lower half of the test tube, including the burnt sample, is 
off and discarded The upper half includmg the condensed quicksilver is washed 
with nitric acid in a beaker, potassium permanganate added to this solution until it 
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remains colored, and peroxide added until the color disappears. With ferric sulphate 
as an indicator, the solution is then titrated with potassium thiocyanate. This 
method is simple and can easily be used in plant control work for checking head 
samples and also burnt-ore samples. 

Fuel consumption is measured either by meter or by gauging fuel tanks and for the 
purpose of test periods can be measured quite accurately. 

Determination of the CO 2 content of the furnace gases should be made in order 
to determine the total gas volume and the amount of excess air drawn through the 
furnace. From the former it is possible to calculate stack losses, and from the latter 
a measure of the thermal efficiency of the plant is gained. These determinations need 
not be made at frequent intervals after operating conditions are established. 

The use 0 ! a draft gauge to measure pressures throughout the system and a ther- 
mometer to check temperatures at frequent intervals are the two most practical 
applications to control of operations. If it is assumed that, after a general checking 
of one plant, operating conditions have been established within certain ranges, the 
draft gauge and the thermometer give a relative indication of all conditions. As a 
consequence, these are the onij’’ instruments generally relied on for indicating or 
recording, continuously, conditions affecting control. Thermometers are usually 
installed to measure temperature of the gas stream somewhere between the furnace 
and the condensers, and occasionally at the end of the condensers and at the stack. 
Draft gauges are usually installed on the furnace at the gas outlet and occasionally in 
the condensers or at the stack. A manometer is often installed at the fan to measure 
the back pressure of the dust collector. The usefulness of draft gauges is their ability 
to measure changes in pressure in the system caused by leakage or by plugging so that 
proper steps may be taken to alleviate the trouble. 

For the most part, quicksilver plants operate with very little control apparatus 
after they liave once been adjusted and regulated. Occasional check tests are very 
desirable, but normal operation is usually left to the operator, wlio, by observation, 
can quite easily detect changes in conditions as they develop. Because simple regu- 
lation to offset these changes is possible, automatic control devices are not usually 
justified. 

Losses. — ^Losses in quicksilver-reduction plants may occur at the following points: 
(1) in the burnt ore, (2) in the dust, (3) through the stack, (4) by solution or mechani- 
cally in water overflow, (5) by spillage and through handling. 

Losses in the burnt ore are primarily a function of the temperature at which the 
rock is burned and the period it remains at or near that temperature. In most 
operations the burnt-ore loss can be considered as very small, although on low-grade 
ores the economy of strhdng for complete extraction is sometimes offset by fuel cost 
versus increased furnace capacity and greater gross production. It is difficult to 
establish the point at which one offsets the other, owing to the differences in burning 
characteristics of different types of ore, cost of fuel oil, and the price obtained for the 
quicksilver produced. In properly operated furnaces, however, and on average grade 
ores, the b\irncd rock may show average assays of 0.02 to 0.05 lb. per ton. Many 
operations checked show lower values than these, and of course, there are some that 
run higher. 

Dust losses have been discussed and the amount shown to be, on average ores 
(ores averaging less than 8 lb. per ton), approximately equal in grade to the grade of 
the ore. If the dust collected represents }i of 1 per cent to 2J^ per cent of the ore 
feed, these figures would represent the loss in the dust if no attempt was made to 
recover any of the values from it. 

^ Stack losses have probably been blamed in more instances than anjrihing else for the 
failure of a plant to recover quicksilver from the ore; however, most operators as well 
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as many others have used a variety of procedures to determine their exact amount 
The more reliable tests show that they are nearly always small, and there la little 
reason to believe that, with a condensing system properly designed and operated, 
losses could represent more than 1 per cent The best evidence of low stack loss u 
that, if it was as high as has been suspected, it ivould coat the surrounding area \iith 
quicksilver in a short period, thus ad\ ertising such a loss ^Ticn periodic cleanups 
of the stackline and stack do not recover much quicksilver, there are not high stack 
losses 

Quicksilver lost either mechanically or by solution in overflow water from the 
condensers should be nearl> negligible All overflow water should be collected m 
launders and run to setthng boxes arranged With baffles to cause tbe current to under- 
flow This will collect most of the mechanically transported metal, the metal m 
solution could not be economically recovered 

Spillage and handling losses are a matter of good housekeepmg and supervision 
Concrete floors in the areas under the condensers, with drams to the launders leading 
to the settling boxes should al'n ays be laid and kept m good repair Smooth surfaces 
and the fiUmg of any cracks that might develop make it possible to clean np the arts 
and recover any quicksilver that may have been spilled The development of a 
careful operating routme will also assist m avoidmg losses of this type 

In general, it may be stated that ah losses m a well-designed and -operated plant 
should not exceed 5 per cent, and under certain conditions and n ith devices to assist 
m the recovery of dust, water, and spillage, losses may be reduced to as little as 1 or 
2 per cent 

Cost of Furnace Plants — It is difflcult to compare furnace-plant costs m different 
years due to economic conditions, relative value of the dollar, differences as to extent 
of equipment included, and differences in the cost of installation due to location It 
IS interesting, hoM ever, to note that the range S500 to SIOOO per ton of daily capacity 
has been used since the earliest American plants w ere budt and is still a good figure 
By virtue of the decreased value of the dollar, however, this would indicate that 
modern plants are actually less expensive EglcstonllO] reports the cost of the two 
inodifiid \cu Idna tvpe furnaces at the Bcdmgton mine in California as between 
$100 000 and $125 000, built about 1868, and the cost of Knox Osborn furnaces as 
between $14 000 and $9000 m 1874 Inasmuch as the capacity of the modified hen 
Idna type furnaces w as about 30 tons per day and the Ivnox-Osbom furnaces 24 and 
12 tons per day, their cost per ton of daily capacity was, roughly , $2100, $600, and 
$750, respectively It is quite likely, however, that the cost of the Rcdington plant 
may have mcluded more than just furnace-plant equipment 

Scott furnace plants, since their inception, have been figured at $400 to $1000 per 
ton depending on capacity, location, and the tunes In 1917, Bradleyfll] stated 
their cost, though influenced by wartime prices, would approximate $1000 per ton of 
divly ewpaevty , tkltVuwugh he Iwsogn■l^td that they had been budl at lower eosts 

Mechanical furnaces at approximately the same time were estimated at between 
$600 and $1500 per ton of capacity, however, improvements in their design and opera- 
tion have gradually increased their capacity, thus lowering per ton coats All things 
considered, the hearth-type furnaces are slightly higher m cost than rotary -furnace- 
plant installalicms The quoted prices and estimates of several common sizes of 
rotary -furnace plants by one manufactiirer[4) as of July, 1941, are shown m Table 5 
Because of w artime inflation, these costs are approxmiatcly 15 per cent above average 
prices for the period 1935-1939 

Although installation costs have been estimated, they are approximately tie 
average of a number of planU of each size built at that time These costs me Jude ^ 
engineering costs, and the installation cost mcludes the services of an operator hi 30 
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days after completion of the installation to train the operating crew, make tests, and 
develop the operating routine. 


Table 5. — Approximate Costs of Rotary Pu^^nts, July, 1941 



21" X 18' 
,8-12 tons 

24" X 24' 
12-25 tons 

36" X 48' 
40-60 tons 

48" X 64' 
60-100 tons 

Kiln, including shell, ride and drive 
mechanism, seal rings, speed reducer, 
frame, hoods and shaker feeder 

S 3,025 

8 3,910 

8 6,889 

1 

i 

810,180 

Oil-firing equipment, including compres- 
sor, receiver, oil pump, gauges, meter, 
strainer, preheater, and 2 complete 
burners 

079 

082 

1,089 

1 

1,315 

Dustr-collccting equipment, including 
collector, exhauster receptacle, and 
connections 

47S 

590 

7S5 

1,045 

Condensing system, including cast-iron 
hoppers, pipes and returns, redwood 
tanks and stack, recording thermom- 
eter, connections and condensing-sys- 
tem auxiliaries 

1 

2,030 

! 

2,655 

4,325 

6,416 

Motors and drives, including kiln, feeder, 
compressor, oil pump, and exhauster 

: 868 

847 

1 

1,038 

1,325 

Power unit, including caterpillar diesel- 
generator unit with fuel-transfer tank, 
switchboard wdth motor switch gear, 
and lights transformer 

2,317 

1 

j 

2,699 

3,519 

4,719 

Brick, including lining for kiln and firing 
hood 

80 

154 

422 

753 

Fucl-oil-storagc tank, bolted-stecl con- 
struction 

275 

378 

520 

545 

Steel fine-ore bin 

620 

673 

1,028 

1,350 

Steel burnl-ore bin 

335 

706 

1,082 

1,095 

Crusher, includmg cast-steel jaw crusher, 
motor, starter and drive 

1,108 

1,180 

1,383 

1,873 

Total cost of equipment, f.o.b. San 
Francisco 

811,815 

814,780 

822,095 

830,615 

Kstimated cost of freight, excavation, 
and installation, including all concrete 
Avork, coarsc-ore bin, conveyer, frame 
and corrugated-iron building, and pip- 
ing and wiring 

5 ,000 

6,750 

8,750 

12,250 

ICstimatcd total cost of installed plant. . . 

816,815 

821,530 

830,845 1 

842,865 

Cost per ton capacity, installed at aver- 
age of tonnage rating 

8 1,082 

8 1,164 


S 536 


Operating Costs. — Operating costs, even as tlic cost of the furnace plants, are 
largely predicated on the times and vary with the price of labor and the price of fuel 
oil, the two principal items of cost. Table 6 shows a hypothetical estimate of costs 
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of rotarj furnace-plant operations based on 1944 and 1941 conditions Actuallj, 
costs for the period 1935-1939 would approximate 20 to 30 per cent lower than the 
1941 figures 

Table 6 — Estimated Cost op Operation of Rotary-furnace Plants, 1941 and 
1944 


Average of daily rated capacity, tons 
per 24 hr 



10 

im 

32>i 

50 

80 

125 

Firemen, number required 

3 

3 

3 1 

3 

3 

3 

Cleanup men number required 



1 

1 

1 

2 

Foremen, number required 





1 

1 

I abor cost per ton, 1944 

2 85 

1 1 54 

1 1 17 1 

0 76 

0 63 

0 4S 

Labor cost per ton, 1941 

1 80 

0 92 

0 74 

0 48 

0 43 

0 32 

Oil consumption, gallons per ton 


7 

6M 

6 

5*S 

5 

Oil cost, per ton 1 

0 64 

0 60 

0 42 j 

0 39 

0 36 

0 33 

Supplies, repairs, power and mainte- 







nance, per ton 

0 60 

0 50 

0 40 

0 35 

0 30 

0 20 

Total operating cost, per ton, 1944 

4 09 

2 64 

1 99 

1 50~^ 

1 29 

1 10 

Total operating cost, per ton, 1941 

3 04 

2 02 

1 56 

1 22 

1 09 

0 85 


Although these figures are based on hypothetical requireinents, they appioxnnatc 
actual costs for the two periods mentioned Labor costs for firemen and cleanup men 
arc based on $9 50 per daj , average daily wage (7 days per w eek, including 1 day at 
tunc and one-half and 1 day at double time), including compensation insurance, social 
security, and unmplojTnent msurance, for 1944, and J6 per day for 1941 Foremen 
are bracketed at S 12 per day m 1944 and $10 per day m 1941, being the average daily 
rates over a monthly period 

The \ ariation moil consumption is purely hypothetical, although it may be stated 
as average figures A difference of 2 cents per gallon is allow ed on the cost of fuel oil 
for the two smaller sized plants, their fuel bemg figured at an average of 8)^ cents per 
gallon, wbereas the larger kilns are assumed to use Iieavy oil at cents per gallon 
Supplies, repairs, power, and maintenance are estimated, in a liberal amount, to 
cover these items Supplies mclude only lime for hoemg Repairs and maintenance 
arc generous enough to provide, over a period of 2 or 3 years’ operation, for all charges 
Power IS figured at an aierage for purchased or locally generated power, including 
repairs to power plant if locally generated 

W hvle theso mc eatimated its nvernge figures for TOtaiy-iuinwoe. wpwabons 

there may be substitutial variations m cither direction dependmg on ore characteris- 
tics and local conditions, although they may be used for estimatmg purposes The 
Bometimcs lower quoted costs of Scott or other brickwork-furnace operations, and 
even other rotarj - or hearth furnace operations, if translated to present conditions, 
\anations m ore being treated, or other operational factors, would approximate the 
figures of Table 6 

DesenpUon of Plants New [dna Mine, C<ili/ornta —Figure 9 shows Ihefloic 
sheet of the New Idna plant Furnace equipment consists of four 5 X 6 ft 
built tn 1917 Ihej have recentlj been rebuilt and the complete plant roodernii 
The burnt-ore bins are concrete The kilns are fired with 16 to 18*BA fuel ou 
National Aerol burners Air pressure is 90 lb per sq m and oil pressure 28 li> P*' 
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^q. in. The firing hoods are so designed as to mix the air and oil in a mixing chamber 
and fire tlirough a combustion block, all set outside the kiln, in order to gain as great 
an effective length in the kilns as possible. Shaker feeders feed an average of 100 
tons per day to kilns 1 and 2, and 120 tons per day to kilns 3 and 4. Gases are drawn 
from each kiln by American Blower Go. No. 35 exhausters through No. 12 Sirocco dust 
collectors. The condensing systems on kilns 1 and 2 include forty 16 in. X 12 ft. 
cast-iron pipes with 12 hoppers and 10 returns; on kilns 3 and 4 each sj^stem includes 
60 pipes of the same size and 18 hoppers and 15 returns. Numbers 1 and 2 are double- 
row double-deck systems, and Nos. 3 and 4 are triple-row double-deck systems. The 
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2, Idnc! aericil tram 
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l2S'fon coarse ore bin 

5 l8‘*Comeyor be/i 
6. 15"x 24** Jaw crusher 
7. l8*'Conveyor belt 
B, 650-ton steel fme ore bin 
9. l8*'Conveyor belt 


18. tAo.30 Exhaust fans 
19. 60 Pipe C. I Condensing systems 


22. 18** Pedwood stave pipes 
23 36" Pedivood stack tine-140* 

24. 36** Redwood stack- 40^ 

25 Hydraulic classifier for mud 

10 H^Distribotingcomcyor belt 26. Overfio^v to burhp and settling boxes 
H 50'f on surge bins 27. 6* Hoeing machine 

17, IO*’S baking feeders 28, Stitt for triple distH/ing 

U 5 xS6* Rotary kilns 29. E/asking room 

14 Firing hoods 30. Empty f/ask storage 

15. TS'ton concrete burnt ore bins 31. Flask enameling oven 

15 locomotive tram io iiaste 37. /Jssay laboratory 

33. vvttsh and change room 

Fig. 9. — New Idria flow sheet. 



tank system, as illustrated, is made up of 10-ft. diameter by 20 ft. high redwood tanks 
with 2-in. staves. The stack line consists of a 36-in. redwood continuous pipe to a 
concrete stack base supporting a 36-in. redwood stack 40 ft. high. It will be noted 
that each kiln and condensing system is kept separate until the middle of the tank 
system is readied. Dust is removed continuously from the collectors hydraulically 
and is combined with all eondcnscr-system overflow water and all spillage on the floor 
and rim through a specially designed hydraulic classifier. All soot is mechanically 
liocd and the soot returned to tlic furnaces. The quicksilver, after leaving the soot 
mucluuc, is washed and flows directly into storage tanks, from which it is drawn for 
flasking. All flasking is done through a volumetric weighing device to ensure accurate 
measure. Ore is transported from the mine by two aerial tramways and by electric 
haulage to a tramway terminal bin of 125 tons capacity. From this bin it is con- 
veyed to a 15 X 24 in. jaw crusher, all being reduced to minus 3 in. A second con- 
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veyer moves the crushed ore to a 650-ton steel fine-ore bin A third convejer draws 
from this bin and feeds a shuttle convejer over the top of four furnace surge bins of 
approximatelj 60 tons capacity each The ore feeds bj gravitj from these surge bins 
into the shaker feeders The mine is served by a 55-mile power line 



Ptncht Lake If me British Cofum.6ia Ca«affi — figure IQ shows in general the 
flow shoot of this uibtallation humace cqupment consists of three 25 ft 
cter \\ edge furnaces and tv\ o 40 m X 60 ft rotary furnaces Tins plant buiH vnthm 
the past three to four j ears is the largest quicksilver plant in the world having a dsi y 
capacity of 1300 to 1400 tons . 

The flow sheet is self explanatory however several interesting fealuro an 
innovations are noted Because of diffculties of transportation all furnaces were 
orig nally installed to be wood fired \ftcr some experimentation fair results we 
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obtained with a wood consumption of 11 to 15 tons of ore burned per cord of wood. 
Because of increasing difficulty in obtaining suitable 'wood, oil burners were later 
installed on all furnaces and the Wedges 'were fired one-half with oil and one-half 
with wood. The rotaries were converted to all oil-firing. Operation in general was 
improved by this change. Very short stack lines from the Wedge furnaces is at 
variance with most American plants, as satisfactory recoveries are obtained in the 
condensing units. In order to facilitate cleanup, screw conveyers have been installed 
under each condensing system to transport all mud and quicksilver to a central 
''refinery.^' Here it is hoed either manually or on a mechanical hoeing table. The 
hoed soot is pumped to the Wedges, where it is injected through a jet directly onto 
one of the hearths. Overflow water is settled in two thickeners, followed by a series 
of settling tanks. Each furnace has two exhaust fans arranged in parallel, one of 
which acts as a spare. These are located at the end of the condensing system. 
Because adequate water is available, all burned ore is sluiced away from the furnaces* 
the burned ore from the rotary furnace soaking pit being fed into the flume by shaker 
feeders similar to those used for feeding ore to the rotaries. The flumes are lined 
with preformed lead smeltery slag brick to minimize wear. Ore is delivered by electric 
haulage from the mine to two 400-ton coarse-ore storage bins. A 32 X 40 in. jaw 
crusher, with an 18 X 36 in. jaw crusher as a spare, reduces it to minus 3 in. and it is 
then conveyed to a 5 X 10 ft. double-deck vibrating screen with 2J^- and 1-in. 
screens. The minus 2^-in. plus 1-in. product goes directly to two 100- ton fine-ore 
bins for the two rotary furnaces. All plus 2}4 in. goes to a T-F gyratory crusher or a 
Symons disk (which acts as a spare) delivering a minus 1-in. product. This is con- 
veyed either to a 250-ton fine-ore bin ahead of one of the Wedges or to a 650 fine-ore 
bin to feed two of the Wedges. All power is generated on the property by several 
diesel generators totalling approximately 2000 hp. 

Cordero MinCj Nevada . — The furnace used at this property is the three-zone 
Herreshoff furnace, described under Hearth Furnaces, and is the only furnace of this 
typo used in quicksilver-ore reduction. It has a capacity of approximately 126 tons 
per day and owing to the utilization of waste heat shows excellent fuel consumption. 
The condensing system, sho\sTi in Fig, 11, is made up of 9-in. tubes, the hottest section 
made of 12-gauge black iron and followed by cast-iron and, finally, 24-gauge stainless 
steel (Typo 317). The exhaust fan is located after the condensers and is followed by 
a 5 ft, diameter by 24 ft. high settling tank on top of which is mounted a 24-ft. stack. 
Owing to the fiat topography, several rc-elcvations of the ore arc necessary, for which 
conveyer belts have been used. The ore is delivered by truck to a small receiving bin 
from which it is elevated by conveyer to a 150-ton coarse-ore bin; at the bottom of 
this bin a shaking screen and feeder delivers the minus-l-in. material directly on to 
another conveyer belt and the plus-l-in. ore to a 9 X 21 in. jaw crusher, the product 
of which combines with the minus 1 in. on the same belt; this belt elevates the ore 
to a 250-ton steel fine-ore bin; a weightometer feeder under this bin feeds another 
conveyer which elevates the ore to the furnace. Because of the construction of this 
furnace, ore is discharged at approximate!}’’ 300 to 350®F., and a conveyer is used to 
transport the burnt ore away from the furnace to a stock pile from which it is occasion- 
ally removed by truck or dragline. Power for all operations is generated on the 
property by Cummins diesel-generator units. 

^ulphxir Bank and Reed Mincs^ California . — These two mines, although having 
quite distinctly different t>"pes of ore, have one problem in common, and the same 
method has been adopted at each plant to overcome the trouble. The ore at the 
Sulphur Bank has a very high content of free sulphur. The ore at the Reed has an 
appreciable free sulphur content and, as well, as much as several pounds per ton of 
petroleum. Tl\e furnace at the Sulplmr Bank is a 4 X 50 ft. rotary, and the ono at 
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the Reed is a 4 X 60 ft rotary In the onguial installation at the Sulphur Bank and 
m an earlier installation at the Reed, the furnaces were arranged for counterfloir 
operation Experience showed however, that the free sulphur and the petroleum 
burned m the upper or dr> mg end of the kiln but burned incompletely, owing to lack 
of oxjgen thus causing the precipitation of sulphur and petroleum soot in the con 
densmg system 

This situation was so troublesome that the kilns were rearranged for parallel flow 
in order that the ore upon being fed to the kiln is immediately exposed to the highest 
heat and most oxj gen, thus more completely burning off the sulphur and petroleum 
Although in this tj pe of kiln the lower end is used for soaking advantage cannot be 
taken of the drying effect in the upper portion of a counterflow kiln and fuel consump- 



Fro 11 — Cordero mine condensing system 


tion and temperature of gases leaving the kiln are both considerably higher Fuel 
consumption in these operations ranges between 15 and 20 gal per ton and exit 
temperatures approximate 1000"^ This latter fact requires (or permits) that con 
siderable coolmg be accomplished before the gases reach the condensmgsjstcm fn 
the case of the Reed plant, longer than usual pipe runs between the kiln and cyclone 
type of collector and between the collector and a cast-iron condensing system act as 
the cooler so that gases enter the cast-iron system at near normal temperatures ” 

This 13 a special problem known only at these mmes, and there have been no other 
successful parallel flow rotary kiln installations 

Red Demi Vtne, Alaeka — The furnace at this mine is a 3 X 40 ft rotary furnace 
of 20 to 25 tons daily capacity with 8-m shaker feeder, 10-m Sirocco dust collector 
No 25 American Blower Co exhaust fan cast-iron condensmg system made up of 
16m diameterpipcs two 10ft diameter by 20 ft high redwood settling tanks flOff 




MERCURY 


511 


of 18-in. redwood stackline, and a 40 ft. high 18 in. diameter redwood stack. Tlie 
furnace is fired with wood fuel, and consumption amounts to approximately 11 to 12 
tons per cord of wood. Good combustion is obtained and, possibly because of the 
character of the wood used, no wood tars are condensed in the condensing system. 
Ore is hand-trammed and hoisted from the mine into a 20-ton coarse-ore bin which 
feeds an 8 X 15 in. jaw crusher. It is crushed to minus 2 in. and fed to a convej^er 
belt that elevates and feeds a 40-ton steel fine-ore bin directly over the furnace feeder. 
The capacity of this furnace is somewhat reduced by comparison with other installa- 
tions of the same size for the following reasons: because of wood firing, the volume of 
the gases of combustion is considerably greater than for oil firing ; the ore carries an 
average of 1 to 3 per cent arsenic and 5 to 10 per cent antimony, either of which may 
at times exceed twice these amounts, and thus requires a greater volume of air for 
oxidizing these volatile components; and the moisture content of the ore is relatively 
high (10 to 20 per cent). Because the cinnabar is intimately associated with the 
arsenic and the antimony, it is necessary to make a nearly complete elimination of 
these metals in order to effect a complete recovery of the quicksilver. Unless suffi- 
cient air is provided to oxidize the stibnite, it has a tendency to melt, thus causing the 
ore in the kiln to stick to the brickwork. Careful control of fire and draft, however, 
makes it possible to get a good elimination of all quicksilver from the ore without 
clinkering in the kiln. Because of the relatively large amounts of antimony and arsenic 
in the ore, and because it was found necessary nearly to eliminate it from the ore by 
roasting, a large bulk of the oxide of the two metals was collected in the condensing 
sj’stcm. This bulky precipitate was a part of the soot and made recovery of the 
quicksilver from the soot considerably more difficult than is normally the case. By 
hand hoeing it was found that frequently less than 10 per cent of the quicksilver could 
be recovered so that two D retorts, which had been used in prospecting the mine, were 
put into use to burn tlic soot after hoeing. This provided a good recovery, however, 
and the procedure was adopted. Despite the large amounts of antimony and arsenic 
present, the contamination of the quicksilver by either of these elements was practi- 
cally nil. Sampling of 1000 flasks showed no arsenic and 0.003 per cent antimony. 

Hermes Idaho . — The reduction plant consists of two modern rotary furnaces, 

4 X 64 ft., having a capacity of approximately 140 to 150 tons per day. With dry 
ore in the summer, this capacity is somewhat exceeded; however, during the spring 
thaw the ore is very wet and the tonnage may be 15 to 25 tons less than this. The 
kilns arc oil fired with heavy oil (16 to 18° Be.), and fuel consumption varies with the 
moisture content. The collectors are No. 11 Siroccos and are followed by American 
Blower Co. No. 30 cxliaust fans. Condensing systems include forty 16 in. diameter 
by 12 ft. lengths of cast-iron pipe with 12 hoppers and 10 returns, set up as a double- 
row double-deck system. Two 10 ft. diameter by 20 ft. high redwood settling tanks 
with conical bottoms, in series, follow the cast-iron system. Redwood stack lines 
and stack follow the tanks. In order to lower the temperature and knock down any 
quicksilver in the settling tanka, several grids made up of 1 X 2 in. fir, with 2 in. square 
openings, were placed one over the other in the tanks. A spray of water introduced 
at the top of the tank made each tank a wasliing tower, and although little quicksilver 
is collected, it is reported to have justified the installation. Firing is effected through 
higli-prcssurc oil burners, each kiln being equipped with a 15-hp. compressor for 
atomization. All dust collected in the collectors, amounting to about 500 lb. per day 
per kiln and being of too low value to warrant re-treatment, is sluiced away from the 
plant with water. The high-grade soot collected in buckets under the condensers is 
normally hoed on a water-healed hoeing table. The residue from this operation, plus 
other low-grade soot, is dried in a tunnel drier extending tlirough the burnt-ore bin 
and returned to the fine-ore bin. 
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Concentration of Quicksilver Ores —The general opinion, by most qmcksilve 
operators and others who have investigated the possibilities, that concentration of 
quicksilver ores cannot compete with direct furnacing, has largely been borne out by 
the failure of this method to remain or to become firmly established lake the 
development of furnacing and condensing equipment, most experimenting and most 
"nctallations were made when the price of quicksilver was high and operators more 
prcspetous Consequently, it is reasonable to believe that better than average 
engineering was applied in the attempted development of concentration methods 
Likcvnsc, there was the counterpart of the “get by as cheaply as possible” retort 
builder whose concentration plant was not destined to efficient operation There have 
been, therefore, several periods m which development advanced more rapidlj than m 
others 

Although wet crushing and treatment of ores is known to have been earned on in 
Italian mines as early as the seventeenth century, little is known of the methods or 
results obtained The first known Amen( an concentration plant was at the Sin 
Carlos mine (now a part of the New Idria mine) where riffle boxes and rockers were 
used in 1871 Other similar operations arc reported from a number of localities until, 
m the period from 1910 to 1916, many mills were built 

Most of the mills built during this period were gravitj concentration plants 
They employed many types of mills including Huntington, Chilean, ball, rod, or roll, 
some plants used no mills or depended upon, screens or trommels to eoit out coarse 
material Classifiers were not always used, thus giving a mixed feed to the concen- 
trator with resultant less efficient performance Concentrators included several types 
of tables, Frue vanners, and occasionally jigs 

In a few plants, flotation cells were added in an attempt to recover values ordinanly 
lost in the slimes, and a few all flotation plants were installed 

The results of the miUs operated during this period were similar in that they all 
showed poor recovery In the straight gravity-concentration plants, the Inability 
of emnabar and the actual or attendant ovcrgnnding of the ore caused large shine 
losses The frequent failure to size the feed to the tables closely meant less efficient 
operation of the tables, and additional losses were meurred The employment of 
flotation to recover shme losses w as handicapped by the mfsncy of the flotation process 
at that time, the cost of fine grinding, and, m one case, by the exorbitancy of rojaltics 
demanded for the use of the flotation cell Because of the variety of flow sheets used 
and differences in ore treated, it is difficult to estimate average recoveries made, how- 
ever, they probably ranged from 25 to 85 per cent, wuth the better designed and larger 
mills approximating 60 to 70 per cent Operating costs ranged from $0 50 to $1 25 
per ton ^Vben it is considered that roastmg of the concentrates, either in letorts or 
by combining with furnace feed, and the cost and loss meurred m this operation is an 
addition to the miUmg costs, the comparison with direct furnacing is definitely m 
'lavor ol fne "latter. 

An excellent descnption of milling operations m this period is given by BradleylU} 
The advances made m flotation were in part responsible for increased mlcrest m 
mtllmg plants from 1927 to 1931 During this period, several flotation plants were 
built The plant built at the Sulphur Bank mine in California was designed to over- 
come the problem of large amounts of free sulphur in the ore, an objectionable feature 
in furnacing Despite several years of experimentation and operation, however, the 
mill was abandoned and direct furnacing rcemplojed 

During this same period and m the few jears following, a number of grant}* 
concentration plants w ere budt including the use of jigs of thcBcndelan, Pan-Amencan, 
and Southwestern types The development of these jigs, with large capacity and 
efficient recovery and their successful use on gold dredges and in many metal buIw 
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led to their application in several quicksilver-recovery plants. They were usually 
combined with trommels or shaking screens and riffle boxes, without any mills. Sev- 
eral of these plants were installed to treat old mine dumps or burnt-ore dumps. 
Recoveries obtained were of the same order as in previous concentration plants; 
however, their low initial and operating costs made them economically profitable 
operations. 

Feed 
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Fig. 12. — Bcneficiadora de Mercurio, S.A., flow sheet. 


In lO-iO, the Denver Equipment Co. [12] installed a modern flotation mill on the 
properties of Compauia Mcrcurio en Sain Alto and Bcneficiadora de l^Iercurio, S.A., 
in Zacatecas, Mexico. The flow sheet of this mill is shown in Fig. 12. The ore occurs 
in sandstones and shales, cinnabar being the predominant sulphide with lesser amounts 
of mctacinnabaritc, p>Tite, and arsenopyritc. Some graphitic and carbonaceous 
material also occurs in the ore. 

A partial analysis of a sample of the ore showed: Hg, 0.55 per cent; As, 0.10; 
Fc, 4.30; insoluble, 74.60; S, 0.57. 

The plant has a capacity of GO tons per 24 hr. The ore is crushed to minus Yz in. 
and ground to minus 05 mesh at G7 per cent .solids. The ball mill is in closed circuit 
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with the classifier, which overflows to the conditioner Conditioning tune is approxi- 
mately three minutes and all reagents are added to the conditioner in order to suppress 
the carbonaceous and graj slunes Reagents used per ton are Yarmor F pine o3, 
70 g , potassium ethyl vauthate Z^, 30 , Reagent 105, 20, starch or Reagent No 637, 
varies depending on free carbon content Dilution of the circuit is held to 4 1, and a 
pH of 7 2 IS mamtained ^or best flotation results Discharge from the filter carries 
approxunatelv 15 per cent moislure and is retorted Mill data over a lepresenlstrve 
period Nov 15 to Dec 5, 1941, is shown m Table 7 


Tabub 7 — ^Mtni- Data, BENEvtciAnonA hlnacimio, Sain Alto, Zacatecas, 

ilfEXlCO 


1 

Product 

Weight, 

% 

Tons per ^ 
16 hr 

Hg, 

% 

Recovery 

% 

Heads 

1 

lOO 00 

33 33 

0 67 

100 0 

Concentrates 

1 39 

0 46 

46 21 

95 4 

Tailing 

1 98 61 1 

32 87 

0 03 

4 6 


The metallurgical results of this operation are mterestmg and show that modem 
flotation practice possibly together with an especially amenable ore, can produce 
results approaching direct furnacing If costs can be held sufficiently low to offset a 
sometimes greater loss, there is a definite place for flotation in. the metallurgy of 
quicksilver ores 

Generally speaking, however, expenence has shown that gravity concentration, 
at beat, cannot approach direct iumacing owing m part to slime losses and also to the 
inability of the concentrators to make a high recovery Higher recovery can more 
easily be made at the sacrifice of grade of concentrate, a fact that has made economi- 
cally profitable the operation of concentration plants m mmes where furnaces are 
installed and operatmg Very low-grade ores can be raised sufficiently to make them 
of furnace grade at relatively low cost and good recoverj , as was done at the New Idria 
mine Old mine dumps and burnt-ore dumps in 1938-1941 were mmed bj power 
shovel trucked to a bm, passed over a grizzlj set at 2 m and a shaker screen with 
in openings All coarse material was hand sorted for high grade and the minus 
in then passed over a 42 in Benedlari jig and thence to about 100 ft of riffle boxes 
The grade of product collected was G to 10 lb per ton from 1 to 2 lb per ton in the 
material as mmed Recovery Was 40 to 60 per cent, but costs were low enough to 
justify the operation 

Flotation of quicksilver ores has been handicapped by the nonuniformity of most 
c^uieksilver <wea Ihft west wl foiw grimlutg Ybere is quitw possibly a pliuie for 
flotation if all factors are properly considered in advance Unfortunatclj large 
deposits of quicksilver ore, justifjmg a large milling plant witn its low mitial and 
operatmg umt costs, which are iiniforDi, and moderately easy gnndmg, are not yet 
known 

Chemical Treatment of Ores — The only wet chemical treatment process for the 
reducUon of quicksilver wnich has received considerable attention depends on the 
solubility of metallic quicksilver or cinnabar in a solution of sodium sulphide a»d 
sodium hydroxide, although other alkaline sulphides may be used The caustic 
hydroxide is necessary only in Small amounts to secure the maximum solvent power 
of the sodium sulphide over tlie cmnabar The reaction is represented by the equation 

HgS -f-NajS HgS NajS 
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And the recovery of the quicksilver from the solution is made by precipitation with 
aluminum according to the equation 

SHgS.Na.S + SNaOH + 2A1 = 3Hg + GNa^S + 2NaAio2 + 4 H 2 O 

Although the electrolytic deposition of the quicksilver from the alkaline sulphide 
solution has been considered, the precipitation by aluminum seems to have an advan- 
tage due to the regeneration of the NasS. 

ThornhiU[131 has described the recovery of quicksilver from amalgamation tailings 
using this process in an operation at the Buffalo mines, Cobalt, Ontario, during 1915. 
This is the only commercial-scale operation of this type known, and although results 
were reported as satisfactory, it was not applied to cinnabar ore. 

Various experiments have shown as many results; however, it is not generally 
believed that, because of chemical-consuming const! tu tents of many ores, the cost of 
fine grinding, irregularity as to composition of ore feed (so common in many quick- 
silver mines), difficulties in filtering, cost of aluminum, and over-all recovery, the 
process can compete with modem furnace treatment of quicksilver ores. 

Mercurial Poisoning. — Inasmuch as all persons exposed to quicksilver are subject, 
in greater or lesser degree, to mercurial poisoning, or salivation, as it is usually called 
around the mines and reduction plants, certain precautions and fundamentals of 
design or operation should be considered. 

The principal symptoms of chronic mercurial poisoning, usually developing in this 
order until all three are evident, are stomatitis, psychic irritability, and tremors. 
Davenport and Harrington [14] report in considerable detail each of these symptoms 
and further point out the variation in sensitivity of different people to mercurial 
poisoning. Continued exposure to an atmosphere contaminated with quicksilver 
vapor is recognised as being more harmful than intermittent exposure inasmuch as 
elimination of quicksilver entering the body through the respiratory passages, the 
gastrointestinal tract, or through the skin is slower than absorption. 

Figures on what is considered to be a dangerous contamination, likewise, vary 
over a great range depending on the sensitivity of the indmdual and whether or not 
he has previously been exposed. The figures range from 0.1 mg. per cu, m. of air up 
to 10 or 20 mg, per cu. m. ; however, the California Industrial Hj^giene Sersdee and the 
Industrial Accident Commission of California have adopted a limit of 0.15 mg. per 
cu. m. of air[15l. 

Precautions to be taken to prevent mercurial poisoning are listcd[14l and generally 
include personal cleanliness and good housekeeping around the reduction plant. In 
design and operation of the various types of plants, leakage of fumes or dust should 
be prevented, good ventilation provided in all dangerous areas, protective clothing 
and respirators worn by workmen when subject to exposure, and mechanical soot- 
treating devices used to the greatest extent in order to reduce exposure. 

The fact that attention has been devoted to this subject with successful results is 
evidenced in the compensation insurance rates for workmen in this classification in 
California, where three mines pay between S2,98 and $3.86 per $100 of pay roll, 
depending on the experience rating of the mine. This compares with surface-mining 
rates of $3.50 to $4,50 and underground-mining rates of $7 to $9 per $100 of pay roll. 
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Medaia, in a leport by I/iw Bcino de Montalvo, addressed to tbe Viceroy of Mexico 
and printed in Mexico m lfrl3, and also in a memoir by PJaz de la Calle to Philip I\, 
punted in Madrid in 164G Montalvo intimates that Medina derived hw inforniation 
from Spam that silver could be obtained from its ores by means of mercury and salt 
The process vsaa especially adapted to the and regiotis of Mexico and South Amenca 
nhere fuel and water were scarce and transport expensive It is still used to some 
extent in. these countries and iviU be described in detail later 
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Fio 1 — The chlonne metallurgical tree 

The “Cazo” or caldron process was mi “nted m 1590* by a priest, Alvaro Alonzo 
Barba, at Tarahuco, 2-4 miles from La Plata, Peru (now Bolins) This process was 
the ancestor of the pan amalgamation process It was particularly adapted to tte 
rich surface ores of that district contamme chloride of silver, and it was also apphw 
to silver sulphide ores to some extent The process was conducted m a vessel msM 
wholly of copper, or havmg a copper bottom This vessel or caldron was proviow 
with a vertical shaft, to which radial arms were attached for agitatmg the ore Pm® y 
ground ore, water, and common salt w ere mixed together to the consistency of a thm 
pulp and placed in the caldron 

iBakbA Atviso AtONZQ El Arte de IM Metalea 3d book Spam 1640 Pouot** »n<* 
sort Pogliab translaUon pp 149-194 New York and London 1923 
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The caldrons, usually four in number, were placed on top of an adobe furnace built 
like a cook stove, and heated so as to keep the ore pulp at the boiling point. Ivlercury 
was added, and the boiling pulp was stirred continuously for several hours, after which 
time the amalgamation was completed. The caldron was removed from the furnace, 
the tailings washed away with water, the amalgam recovered, and the process repeated 
with a new charge of ore. The active chemical reagents were the copper of the caldron 
and the boiling solution of common salt. The silver chloride in the ore was dissolved 
in the hot brine and reduced to the metallic state by the copper of the caldron, and then 
amalgamated by the mercury. The cuprous chloride formed was also dissolved hy the 
salt solution and became active in converting the silver sulphide minerals into the 
chloride, although if a large amount of sulphide minerals were present preliminary 
roasting was recommended on account of the consequent loss of mercury. In later 
years, iron was added to the caldrons to reduce and recover mercury that had become 
soluble or floured. 

The Krohnke process, in which cuprous chloride was added to the hot salt solution 
to decompose the sulphide minerals, was introduced in Chile in 1860. The silver was 
recovered by means of zinc or lead used in the form of amalgam. 

Chloridizing Roasting. — ^In Europe, where fuel, mechanical appliances, and better 
operating facilities were available, more complicated processes were developed to 
treat ores. Chloridizing roasting of silver ores was first introduced in Vienna by Born, 
and combined with the Cazo process in 1786 at Chemnitz in Hungary. The Cazo 
process was soon superseded in Europe by the barrel-amalgamation process, which was 
first installed on a large scale in 1790 at Halsb nicker Hiitte, near Freiberg, Saxony, 
Metallurgical works had been established at this point since 1710, and chloridizing 
roasting with barrel amalgamation was used not only for the ores but also for metal- 
lurgical products, such as matte, blister copper, and speiss. 

The chloridizcd ore or furnace product, still containing an excess of salt, was 
rotated in a wooden barrel with water and scrap iron until the silver was reduced to a 
metallic slate. Mercury was then added to recover the silver as amalgam. Owing 
to the base metals present, which were also chloridizcd in roasting and reduced by the 
scrap iron, the bullion obtained was very low grade. Attempts to “destroy “ the base 
metals by roasting at a higher temperature resulted in considerable loss of silver 
through volatilization vith the base-metal chlorides, and the chloridizing roast was 
eventually used only on the low-grade ores containing the least amoimt of volatile 
base metals. 

This led to the invention of the process and its introduction at the 

Gottcsbelchming Hiitte near Mansfcld, Germany, in 1843. Later in the same year, 
the process was introduced at the Freiberg works. In this process ores were roasted with 
salt and then leached with a saturated solution of common salt. The silver chloride 
passed into solution, from which the silver was precipitated by metallic copper. The 
process was introduced at both Mansfcld and Freiberg to recover the silver from the 
copper mattes, but, owing to the imperfect extraction of the silver by the brine, it was 
soon abandoned and was superseded by the Ziervogel process in 1848, which was 
applied more particularly to mattes and furnace products than to the ores themselves. 
In this process no salt was used. The iron and copper were converted into oxides and 
the silver into sulphate by careful oxidizing roasting. The silver was then leached 
out by warm water and precipitated on copper. 

Hyposulphite Leaching— Patera Process.— In 1848, Dr. John Percy, of London, 
suggested the use of sodium or calcium thiosulphate— incorrectly called h>q>osulphite 
— as a solvent for the chloride of silver after ores had been subjected to a chloridizing 
roa.st. The first practical application of this suggestion was made in 185G by von 
Patera on the rich silver ores of the Joachimsthal district, Bohemia. To reduce 
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losses by volatilization, von Patera introduced steam mto the furnace dunng the 
chlondizing roasting This process was first introduced m America by Ottokar 
Hofmann, in 1868 at La Dura, Sonora, Mexico, it was gradually adopted at other 
mines in Mexico and the United States, reaching the zenith of its application durmg 
the succeeding 25 years, until the demonetization of silver by the go\ eminent of the 
United States in 1893 closed every leachmg plant in this country that had been treat 
mg silver ores 

Up to this tune, and for a number of years afterward, gold m ores that had been 
subjected to a chlondizing roast was supposed to be converted into the chloride, 'which 
decomposed into chlorine and metallic gold at a temperature below 300*C Hence 
if gold occurred m silver ores, it was converted into metallic gold by chlondizing 
roastmg and u as not recovered by any of the solvents used for the extraction of silver 
Plattner Process — Plattner proposed converting the gold into chloride by means 
of chlorine gas and extracting it with water This process was introduced in Sdesia 
Germany, in 1851 The ore was either roasted “dead ' or, if it contained silver it was 
chlondized by roastmg with salt The silver was first leached out by hrme or “hypo- 
sulphite ” solution, then cblorme gas was apphed to the ore m the vats The gold was 
recovered by subsequent Jeachmg with water and precipitating by means of ferrous 
sulphate (see \\ et Chlonne-gas Processes) 

Longmaid-Henderson Process for Copper Ores — The treatment of copper ores 
by cHondizmg roastmg was first patented by Longmaid in 1844 and was first applied 
to the extraction of copper from pyritic residues or calcmes by Wilham Henderson of 
Scotland in 1859-1860 » 

Pyrites from Spam and Norway, which were used throughout Europe for making 
sulphuric acid, contained 3 to 8 per cent of copper After the pyrites were roasted 
for the manufacture of sulphuric acid, the residues were again roasted with salt by 
the Henderson process, to convert the copper mto chloride The chlondized ore was 
then leached with water or dilute acid, and the copper was precipitated from the 
solution by iron 

The gases from chlondizmg roastmg contained sulphurous acid, hydrochloric acid 
and chlorine To prevent these gases from becoming noxious to theneigbboTbood,and 
to utilize their acids, they were passed through coke towers sprayed with water, 
which collected not only the acids but any volatilized metallic chlorides as well Tlie 
water from the scrubbing towers Was used for leachmg the chlondized ore 

This process was patented in the United States m 1866 and was in constant use, 
both iw this country and Europe, for over 60 years It will be further described under 
the paragraph on copper ores in the section on Chlondizing Hoasting and leaching 
Processes 

IVTien the residues or ores contained silver, that metal was precipitated from sclu 
tion as an. iodide by the Claudet process before the precipitation of the copper 
Hunt & Douglas Process, — About the same time, 1862, ferrous chlonde 
suggested by Schaffner and Unger, of Germany, as a solvent for copper m ores This 
method was developed later in the United States mto the Hunt & Douglas proeess- 
It was designed to treat oxidized copper ores with siliceous gangue 

Ferrous chloride was made by dissolving copperas (ferrous sulphate) and commOT 
salt in Water An excess of salt was then added, and the sulphate of soda was removeo 
as much as possible by cryataUizaton This solution, therefore, became a bnne 
solvent containing a soluble base-metal (ferrous) chloride The process was apph 

» Eisslbb JUHOit, The HydcomeUUwigy tX Copper being an seeooal ct pioce««o j 

th« hydrometallurpexl treatment of cupriferous ores including the manufacture of 
with chapters on the sources of auppljr of copper and the roasting of copper ores pp 8? lOf 
xod New 4 orlc 1902 
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^able to raw ore containing oxide or carbonate of copper and was later applied to the 
separation of silver and copper in roasted matte, because silver minerals are likewise 
soluble in the brine as prepared. The copper was precipitated on scrap iron in the 
usual manner. If silver was present, it was first removed by precipitation on copper. 

The Hunt & Douglas process passed through many modifications on account of the 
difficulty of treating ores containing any carbonate of lime or magnesia, both of which 
precipitate the iron from the solvent. It was abandoned many years ago and was 
replaced by smelting and electrolytic refining. Acid leaching has replaced it in 
hydrometaIlurg>% 

The Doetsch procesSj^ using ferric chloride as a solvent for copper, was invented 
about this same period to treat the sulphide ores at Rio Tinto. An attempt was 
made in 1914 to revive this process under the name of the Slater process,- but it did 
not pass the experimental stage. The feature of the Slater process Avas the regeneras 
tion of the ferric chloride. A lixiviant containing ferric chloride and hypochlorou- 
acid was produced by suspending ferric hydroxide in the anode compartment of a cell 
in which a salt solution was electrolyzed. After the dissolution of the copper from 
the ore, ferric hydroxide Avas precipitated from the lixivium by means of the sodium 
hydroxide produced in the cathode compartment of the electrolytic cell. Under the 
highl}’’ oxidizing conditions in the solution, ferric hydroxide can be preferentially 
precipitated in this manner Avithout precipitating any of the copper. The ferric 
hydroxide precipitate Avas returned to the circuit in the anode compartment for the 
generation of new lixiviant, and the copper was recovered from solution by the usual 
methods. The only reagent required was common salt. The process was not adapted 
to basic ores. A slight modification of this process Avas dcA^ eloped by the Midland 
Ores & Patents Co.® at Waverly, N. J,, in Avhich the solution containing ferrous 
chloride, after precipitating the copper on iron, Avas regenerated direct by electrolysis, 
yielding ferric chloride for ncAV lixiviant and metallic iron for copper precipitation 
(see page 540). 

The Hoepfner process for copper ores* was introduced in Germany in 1891. The 
copper ore Avas leached in revolving barrels Avith a solution of cupric chloride and salt 
or calcium chloride. The lixivium Avas purified by precipitating the silver on metallic 
copper, by cooling to separate the lead chloride, by adding poAA^dered limestone to 
precipitate the arsenic, antimony, and bismuth, and by the use of air in a special 
manner to precipitate the iron as oxide. It Avas then electrolyzed to precipitate part 
of the copper as pure metal, and to regenerate cupric chloride for leaching new ore. 
Owing to difficulties in manipulation, the process Avas not a commercial success. 

Hoepfner Process for Zinc Ores.^ — ^The ore Avas roasted with salt at a tempera- 
ture not to exceed 650^0. and leached with hot water. The solution Avas purified by 
cooling to 5°C. to crystallize out the sodium sulphate, by adding bleaching powder 
and marble dust to precipitate the iron and manganese, and by adding poAA^dered zinc 
to precipitate the other electronegative metals. The purified zinc and sodium 
chloride solution Avas electrolyzed for the production of metallic zinc and the rccoA'’ery 

* CuMENOE, Notes aur le Rio Tinto, Ann. mines, Vol. 9G. 

* Morse, H. W., The Slater LcachinR Process for Copper Ores, Mining Sci, Press, Jan. 24, 1D14, 
p. 181. 

*licaching at YerrinKton, Mining Sci, Press, July 17, 1915, p. 94; Peiuiy, R. W., leaching Oxidized 
Copper Ores with Ferric Chloride, Scf.Prr«J!. May 17, 1919, pp. C69-G74 ; Middleton, Perct R.. 

Ferric Salts as Solvents in the I/jaching of Roasted Copper Ores, Fng, .Jfintnfl Pour, Press, Sept, 9, 1922, 
pp. 452-153. 

* Z. antfetr. CAern,, 1891, p. 160; OjT^zieXle Zeilung der internaiiondlen elcktrotechnischen Auslellung^ 
Frankfurt am Main. No. 27; Eilers, Haul, Hoepfner’s Electrolytic Copper Process, Png. Mining Jonr 
Apr. 30, 1S92, p. 471. 

* Geentker, E.. Electrolytic Zinc Extraction by tl»e Hoepfner Process, Eng, Mining Jour,, Jkfay 16, 
1903. pp. 750-762; Affncrcl Ind., Vol. 6, pp. 668 and 675; Vol. 7, p. 743; and Vol. 9, p, 688. 
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of chlorine to make bleaching powder The process was used for a short tune in 
Europe 

Swinbume-Ashcrolt Process for Complex Ores — The use of chlorine gas in the 
metallurgy of lead, zuic, and other base metals was brought into commercial promt 
nence by Swinburne and Ashcroft of England, who obtained their first patents m 
1897 * In the original process, as operated at Broken Hill, Australia dry ehloruie 
gas was apphed under pressure to the dry and coarsely pulverized sulphide ore in s 
closed shaft furnace known as the “transformer “ The chemical reactions invohtd 
are strongly exothermic and suppLed all the heat necessary for operation By 
regulatmg the flow of chlorine gas to the supply of fresh sulphide ore, a temperature 
of 600 to 700°C could easily be maintained in the transformer 

The reaction between dry chlorine gas and a mineral sulphide results in the for 
matron of a metalhc chloride and free sulphur, as shown by the equation 

XS + Cl, = XCl, + S 

\t the temperature named, the sulphur distilled from the top of the transformer and 
the fused metallic chlorides, with the gangue in suspension, were tapped from the 
bottom The metals were recovered by substitution, the fused chlondes, as they 
came from the transformer, were stirred into a bath of molten lead, which decomposed 
the precious metal chlorides and recovered these metals in the form of a high grade 
lead bullion from the lead bath the fused chlorides were drawn to another kettle and 
treated ivith zme to recover the lead, the remainmg chlorides were then dissolved in 
water and treated with chlorine gas to oxidize the iron and manganese, zinc oxide 
obtamed by roasting high grade blende, was added to this solution to precipitate the 
iron and manganese as oxides, which were removed along with the gangue of the ore 
by filtration As w ill be seen by following this bne of substitution, all the original 
chlorine was ultimately combined -with zme, and the filtrate from the iron and manga 
nese oxides was a commercially pure solution of zme chloride In the final phase of 
this process, the zmc-chloride solution was evaporated to dryness and the zme chlonde 
fused and electrolyzed for the recovery of metallic zme and the regeneration of the 
chlorine gas 

The process was cyclic There was no appreciable loss of chlorme at any stage of 
the operations and all the substitution metals were produced by the process itself, 
but the process did not prove successful as designed and operated Its operation was 
limited to sulphide ores or concentrates carrying not over 30 per cent gangue, in order 
to maintain the temperature required 

A modification of this process was developed by Baker and Burwell of Cleveland 
Ohio, m 1904—1908 * TThe finely pulverized drj ore wm placed in a porcelain lined 
tube mill provided with lead Imed trunnions, and supplied with flin t pebbles Lov' 
grade complex ores were treated, and in the absence of a high percentage of sulphur 
the temperature was kept dowu to 100“C Dry chlorme gas was admitted to 
the tube mill, and chemical action began at once As the tube mill revolted, the prh- 
bles ground off the metallic chlorides as fast as formed and constantly exposed f««h 

iBwiyauBira Jauzs Chlonne SroeUinB with Electrolysis) Trant Faradty Sot July t 
Artniii|;5n Frtn Aug 8 snd 15 1903 Elteirochcm Ind (now Chem Mti Sny) Vol 1 PP 
August 1903 Vol 2 p 40-1 October 1904 Vol 3 pp 63-66 February 1905 Eng Afiswir 
Aug 1 1903 STZOfBABT O J CUorme Smeltiog Mtmng Sci Freu Nov 28 1903 Asacao" 

E A Trant InU M\n\ng Ma (London) June 19 1901 Mineral Ind Vol 9 PP 692-693 to1 i 
pp 2«7 and 677-682 

CnASt.es E A New Appbcationof Chloru e m Metallurgy Trant Am FJ«froe*em. ^ 
Vol 12 pp 111^.183 October 1907 Ct«trocli«ni Jfrf Ind (now Chem.ifrf Eng) ^o^■ 6 V ■‘^®rb4 
Vol 6 p 433 1908 Bases and flpswXLt EUctrolyt c Chlorination Brocees Mining Srt’Fritt * 
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surfaces of ore to the action of the chlorine; they also broke up any lumps that might 
be formed. The free sulphur that was formed remained with the ore. If the tempera- 
ture was allowed to got too high, considerable sulphur chloride was formed, which 
distilled off at about 150®C. 

After chlorination was completed, the ore was discharged from the tube mill and 
leached with water, thus giving a clean solution of metallic chlorides free from sulphur 
and gangue. The metals were recovered from the aqueous solution by substitution. 
The gold and silver were precipitated on copper, the copper on lead, and the lead on 
zinc. After oxidation with chlorine gas, the iron and the manganese were precipitated 
by means of zinc oxide, and the zinc and the chlorine were recovered by the electrolysis 
of the fused chloride as in the Swinburne- Ashcroft process. A couple of experimental 
plants were erected in Ulontana in the years that followed, but, owing to operating 
diflicultics, they did not prove successful. The most serious difficulties were to evap- 
orate zinc chloride solution without the formation of basic salts and the consequent 
loss of chlorine as hj'drochloric acid, and also the development of a satisfactory cell for 
the electrolysis of the fused zinc chloride. 

About this time, John L. Malm, of Denver, Colo., began experimenting with the 
Bakcr-Burwell process, which he greatly modified and developed. This will be 
described as the Malvi 'process^ in the section on Dry Chlorine-gas Processes, 

Pohl6-Croasdale Volatilization Process. — Loss of metals from volatilization 
during chloridizing roasting was knovm already when Plattner undertook a study 
of the conditions and extent of this loss in an elaborate series of experiments on 
both oxidizing and chloridizing roasting. The results of his experiments were pub- 
lished in his “ Metallurgische Rostprozesse'' (1856). He mentioned considerable 
loss of silver chloride when it came in contact with other easily volatilized chlorides 
and discussed at length the volatile products of the chloridizing roasting, but he failed 
to record any loss of gold by volatilization. 

Loss of gold by volatilization was recognized from time to time^ and was the source 
of serious monetary loss in treating gold-silver ores by chloridizing roasting, but the 
cause of this loss seemed to be little understood. It was generally attributed to tel- 
lurium,* and not to chlorine, because the chlorides of gold \Yere supposed to decompose 
into the constituent elements at a temperature below 300°C.; therefore, all gold 
should remain in the ore in metallic condition. The first person to recognize chlorine 
as the source of this trouble was C. H. Aaron,'* but after many experiments on roasting 
California gold ores with salt he came to the conclusion “that gold is volatilized in 
some form not casil}' condensable.'* 

Christy® investigated this subject in the best chlorination mills in California as well 
as in the laboratorj*' during the early eighties, and came to the conclusion that losses of 
both gold and silver increase (1) with increased percentage of salt added during the 
roast; (2) with increase of time and temperature during roasting; and (3) when salt 
is added after a long oxidizing roast instead of at the start. Clwisty qualifies the last 
statement by sapng that, “while there is a rapid volatilization of gold and silver when 

' Traphagizn, F. AV.. Dry CWorination of Sulphide Ores, Mining Sex. Press, April 10, 1900, p. 522; 
Hkuiuck, K, L,, The Mnlm Dry Chloriutvtion Process, Mines oud rf^finrrnla, January, 1010, p. 370; 
loMDEa. S. A„ Dry Chlorination of Complex Ores, Mining Sci. Press, May 27, lOlG, pp. 781-787; 
MiiETi, C. G., Possibilities of Dr 3 ’ Chlorination of Oxidized Zinc Materials, Eng. Mining Jour.-^Press, 
Vol. 115, pp. 51-54, January, 1923. 

^CnniSTV, S. B., The Losses in Roastinc Gold Ores and the Volatility of Gold, Trans. A.I.M.E., 
Vol. 17, p. 8, 1SSS-1SS9; DKnuAT, H.. Note sur le chlornre d’or, Comp!, rend., Vol. 09, p. 984, 1869. 

* KOstki., Guido, Roasting of Gold and Silver Ores and the Extraction of Their Respective Metals 
tvithout Quicksilver, p. 57, San Francisco, 1880; CiiniSTT, op. cit., p. 3. 

‘Aaeok, C. H., “leaching Gold and Silver Ores, the Plattner and Kiss Process, a Practical 
Treatise,** p. 121, San Francisco, ISSt. 

* CnmsTT, op. ctV., pp. 3-44, 
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salt Js added at the end of the roast, the gold chloride 13 quickly decomposed by the 
SOj gases and by the ran ore itself in the cooler end of the furnace, and the gold is 
ledeposrted in jnetalhc form, so that the actual loss is not so great as nhen salt is 
added at the beginning of the roast ” 

Stetefeldt* expressed his opinion that the gold escaped as a double salt, and, if this 
•were true, the loss of gold depended on the volatihty of the chloride mth which the 
gold chloride n as combined 

In an earlier treatise,* Aaron states that the base metals are chlondizedby cWorid- 
izing roasting, but they are not volatihzed to any extent, while KCstel' takes the oppo- 
fiije view and states that “base metals as sulphates take up their share of salt and 
consume a large portion, but, as their chlorides are volatile, the salt is a means ol 
getting nd of a great deal of the metals during roasting which are not desirable m the 
ore for subsequent treatment of silver " 

The foregoing constitutes a brief summation of the knowledge of volatihzation up 
to 1898 Much that is recorded is contradictory There was no thought of making 
a commercial extraction bj volatilization and the recovery of the volatilized chlorides, 
if attempted, was only a phase of the general treatment of the ores 

In 1891-1893 Croasdale discovered that a commercially complete (above 90 per 
cent) volatilization of gold could be obtained from Cripple Creek ores by roasting 
With salt About the same time, Pohl6 independently obtained similar results with 
sdver ores from Aspen, Colo Systematic mvestigation of the volatilization of metals 
as chlorides was begun by these men in 1898 and was carried on with a large-scale 
experimental plant until 1903 ‘ Numerous m\ estigators* have worked on this process 
smee that time The process wjU be further discussed m the section on Chlonde 
Volatdization Processes 

CHLOHIDIZIHG PROCESSES EOR RATT ORES 

With the exception of the Malm process, chlorine processes for raw ores of the 
precious metals are necessarily confined to the treatment of surface ores, or to clean 
gold and silver sulphide ores m which the gold and silver sulphide minerals are not 
combined with base-metal sulphide mmcrals To obtam a commercial recovery of 

* STETBrzLDT C A The Amalgamation of Gold Ores and the Loss of Go d in Chlondii ng Hoasling 
vnth Especial Reference to Roasting in a Stetefeldt Furnace Trarts At ME Vol U pp 330-351 
1886 

* AaroM C H a Practical Treatise on Testlne and 11 orking Silver Ores Ban Francisco J876 
pp 35-36 

* KCaTEi, ap eit p 29 

* Croasdalz Stvart Volatiliiation of hletals on Chlorides Rap Jlfiaing Jour Aug 29 1903 pP 
312-314 Sept 19 1903 p 420 Mtntng Mas fondsn March 1914 pp 200-204 MATBfR HrubtA 
Ena Mtntns Jevr fiept 5 1903 and Oct 17 1903 p 576 Hawzins Eowrw N Ens MmiOtJimr 
Oct 3 1903 p 490 Robb Sir T K MetaUurgy of Gold p 291 London 1915 

»Varlet TbouaB and others If S Bur Mxnet Bull 211 1923 the chloride volatilnatiort prec“* 
of ora treatment being a complete compilation of the work that has been done on this procem LAnKo 
Hakai n Chloridiiing Proeesees Mtntns Set Brut Jan 17 1920 pp 77-83 Chloride Volat 1 «at on 
Process MtmnsSet Preei Aug 27 1921 p 284 Thermal Requirements of Chlondising 1 oltbhs* 
tion Jlfintnp Seu Press Feb 25 1922 pp 264-266 ChJondi* ng Vola till ration— Some Exp*runtnt» 
and Their Practical Application Ens Mtntns Jour Nov 12 1921 pp 764-770 BRAneeisB Ro*»bt», 
The VolatiUration Process at the Pope-Shenon Mine Mtntns Set Preu Aug 20 1921 PP 
Varlet Thomas and C C Stevenson Development of the Chloride Volatilisation Procras by « ® 
U S Bureau of Mines Ens Mtntng Jour June IJ 1921 pp 991-993 VaSLET Thomas Cwoto* 
Volatiliration Ens Mintng Jour Feb 18 1922 pp 276-278 Cahl, Rpnotr Heat Requ rements n 
Cbloridizing Volatilisation Ens Mtntns Jour Prett June 3 1922 pp 957-958 RautoH 
Heat Requirements of Cbloridizing Volatilisation Ens Mtntns Jour Press Apr 15 1922 PP 6' 

Howe Ben Gold Recovery by VoUt lisstion Monlklu Jour II eel AuXroltan Chamier of 
December 1912 Mtntns Mas London March 1913 Jlfining Set Prut Mar 29 1913 p «* ^ 
1913 p 535 
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the gold and silver, the base metal sulphide minerals should not exceed 2 or 3 per cent; 
if more than this amount, concentration or roasting should precede the chloridizing 
process. Ores in which the silver is combined with arsenic and antimony as sulphides 
must be treated by chloridizing roasting to liberate the silver, or leached with alkaline 
sulphides. Base ores containing carbonates of lime and magnesia are not adapted to 
these processes, owing to their precipitating action on the metallic chlorides, which 
prevents reaction on the silver minerals. The gradual disuse of these processes 
lias been brought about hy the world-wide depletion of surface or suitable ores and 
the nccessitj^ of other methods of treatment for the complex sulphide ores that come 
with deeper mining; also b^" the possibility of treating lower grade ores on a larger 
scale at less cost by the cyanide process. Base-metal recoveries are made with the 
ISlalm process. 

The Patio process is still used in isolated districts of Mexico and South America, 
but with modem machiner}- and methods of transportation it has been almost com- 
pletely replaced by the cyanide process and by the custom-smelting plant. A com- 
plete description of this process is given on page 517. Therefore, a brief outline of its 
relationship to chlorine metallurgy will suffice here. 

The salt and copper sulphate react to form sodium sulidiate and cupric chloride. 
Some cuprous chloride is formed by the action of inercur 3 " on cupric chloride, and this 
is dissolved b 3 ^ the brine in the ore pulp. Botli cupric and cuprous chlorides react on 
the sulphides of silver, forming silver chloride and copper sulphide. The silver chlo- 
ride is dissolved b^*" the brine in the torta, and the silver is precipitated in metallic 
form the mercury, after which it is immediatel}" amalgamated. Mercuric and 
mercurous chlorides are formed bj^ the chemical reactions. Considerable silver 
sulphide is said to be reduced directly to metallic silver hy the mercurj’’, udth the 
formation of mercuric sulphide. 

The recover}^ of silver by this process will range from 75 to 80 per cent on favorable 
ores, but will drop below 60 per cent on ores containing an appreciable amount of base- 
metal suphides, particular!}' blende or arsenical and antimonial sulphide minerals. 

There is a chemical loss of mercury in the form of soluble chlorides, as well as a 
mechanical loss due to the flouring of the mercury b}' surface chemical action of sul- 
phide minerals, but the total loss is not so much as would be expected. It is said to 
amount to about one and one-half times the silver recovered. 

This process is applicable onlj' where labor and the few necessar}’’ supplies are 
clieap, equipment and freight are costh', and time of little importance. For example, 
the Noche Buena and Feliz Ano mines in the Totolapam district, about 75 miles east 
of Oaxaca Citj’-, Mcx., in 1925 had in active operation six patios and were preparing to 
build six more. Extraction by the patio process was reported b}’’ the manager to be 
unusualh^ high. Excessive freight rates, by muleback transportation, on stamp- 
mill concentrates caused the mine owners to enlarge their patio facilities.^ The writer 
has not been able to obtain recent information. 

The pan-amalgamation process was evolved from the “cazo'^ or caldron process. 
In Europe, Avhero it was first used, the amalgamating was done in revohdng barrels 
and was known as tlic “barrel-amalgamation^* process. Pan amalgamation seems 
to have been an American development, and it was first operated in the United States 
at Washoe, Ncv., in 1861. For a long time it was known as the “Washoe 
process.*’ 

The “pan” was made wholly of cast iron, or with a cast-iron bottom and wooden 
sides. In cither case the bottom was made hollow for the introduction of steam io 
heat the charge. Cast-iron nnillers for grinding, stirring, and amalgamating the 


Eng, Min, Jour,^PrfS8 (Sept. 5, 19’J5). 3S6. 
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oie WMe attached to a vertical shaft m the center of each pan The capacit> of 
each pan ranged from 0 5 to 2 tons of ore and was usually about tons 

The ore was first crushed by jaw crushers and then by stamps or hall mills If 
crushed wet, the excess of water was removed by settling tanks The crushed ore 
from the settlmg tanks was then shoveled into the pans Salt and copper sulphate 
were added m the ratio of 5 to 10 lb of salt and 2H to 5 lb of copper sulphate per 
ton of ore MTicn the ore is free from mterfermg mmerals, the salt has been reduced as 
low as 2 lb and the copper sulphate to 1 ^ lb per ton ater was added ui sufficient 
quantity to make a thin mud, and steam was admitted, not only in the jacketed 
bottom of the pan, but sometunes into the ore itself, until the charge in the pan was 
maintained at the boilmg point The grinding and stirnng of the charge was con 
tinued for 2 or 3 hr , in which time the chemical action was completed 

Mercury, equal to 10 per cent of the weight o! the ore was then sprinkled oier the 
ore pulp by straining through canvas or chamois and the stirring continued for 3 hr 
longer — when amalgamation was completed 

The whole charge was then washed from the pan into a settlmg tank provided 
with radial arms and agitated under a constant flow of water until the aroalgaro 
collected in the bottom of the tank and the tailings w ere washed away The amalgam 
was then transferred to a small pan know^n as the cleanup pan, where jt was stirred 
Avith additional mercurj and washed with water until free from ore particles The 
silver and gold were finally recovered by retorting the amalgam 

The chemistry of this process is the same as that of the Patio process, except that 
the iron of the pan and muUera also acts as a reduemg agent, not only for precipitatmg 
silver in metallic state from its chlorides but also for preventing the formation of anv 
chlorides or sulphides of mercury, and in this manner avoids the chemical loss of 
mercury mentioned under the Patio process The ore must be sihceous or neutral 
in character to avoid precipitation and the loss of effective copper salts by the carbo- 
nates of Lme and magnesia although the iron of the pan has a tendency to reduce 
these salts to copper and hence militate against their effectiveness 

Two important modifications of the process were developed later The first was 
known as the Boss process, in which the ore from the stamp mill was finelj ground 
in pans and then flowed contmuously through a series of amalgamating pans and 
settling tanks This made the process contmuous and saved considerable time and 
labor in transferring the charges from settlmg tanks to pans and from pans to settlmg 
tanks The other modification, where economic conditions were favorable, was the 
introduction of the chloridizing roast previous to pan amalgamation By this loeana 
the silver sulphide mmerals, as w ell as the base-metal sulphides, were converted more 
completely into the chlorides m the roasting furnace, and the addition of salt and 
copper sulphate to the pan was rendered unnecessary unless the ore was insufficiently 
chloiidned during roasting 

The pan amalgamation process was well adapted to surface or oxidized silver gold 
ore where the gold was subsidiary in value and not amenable to ordinary amalgams 
tion and where the silver occurred as a haloid, or, if it occurred as a sulphide TOin«»l 
the ore was comparatively free from the base-mctal sulphides Bith such ore the 
recovery averaged between 80 and 85 per cent, the process was metallurgically clean, 
it yielded a product of bulhon and involved no troublesome byproducts, it was 
simple to operate, the supphes needed were cheap and easily obtamed 

The disadvantage of the process was the small capacity and consequent high oper- 
atmg cost per unit of equipment, «z , one pan This has been the principal reason 
for the abandonment of this process and its replacement by leachmg processes, particu- 
larly the cyanide process The last two notable and emmently successful examples 
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of the pan-amalgamation process in the United States “u^ere at the Commonwealth 
mine, Pearce, Ariz., and at the Presidio mine, Shatter, Tex. 

At the Commonwealth mine the ore was almost pure quartz; the ore milled aver- 
aged 15 oz. silver per ton; the silver occurred principally as a halide. The gold was 
subsidiarj^ in value and averaged 0.05 oz, per ton. The first mill, built in 1896, had a 
capacity of 200 tons daily, which was large for pan amalgamation. The ore- 'was 
crushed dry in Jenisch ball mills, but these were not entirely satisfactory, and after a 
fire in 1900 they were replaced by stamps and the ore was crushed wet. The mill 
operated until 1910, when the ej’^anide process was introduced. The recovery by 
pan amalgamation was 77 per cent on 15-oz. ore; the average cost of milling was $1.60 
per ton for the 400,000 tons treated; the loss of mercury was 0.2 lb. per ton of ore. 

At the Presidio mine^ the ore was a siliceous limestone averaging 18 oz. of silver 
per ton, principally as a chloride. The ore also contained some galena. A pan- 
amalgamation mill of 70 tons daily capacity was built in 1884 and operated continu- 
ously xintil 1913, when it was converted into a cj^anide plant of larger capacity. Tlic 
average recovery by pan amalgamation is reported to have been 85 per cent. So far 
as the writer knows, the reconstruction of this mill marked the extinction of the pan- 
amalgamation process in the United States, but the process is probably still used to 
some extent in South America. 

CHLORIDIZING ROASTING AND LEACHING PROCESSES 

Chloridizing Roasting. — The gradual exhaustion of oxidized ore and the increase 
of bnse-metal sulphide minerals with the silver sulphide minerals, together with the 
increased facilities for transporting fuel and supplies, led to the introduction of 
chloridizing roasting and the attendant leaching processes. 

In chloridizing roasting, furnace heat replaces water in effecting the desired chemi- 
cal reactions, wz., that of breaking up the sulphides in the natural minerals and con- 
verting the metals into their respective chlorides. This is done by roasting the ore 
with common salt and a proportionate amount of sulphur in almost any type of 
roasting furnace. If too much sulphur is present in the ore, the excess is removed by 
preliminary roasting; if the ore is completely oxidized, sulphur is usually added in the 
form of pyrite or native sulphur in sufficient quantity to complete the reaction. The 
reaction between the salt and sulphur, when heated in the presence of air, is shown by 
the following equation: 

2NaCl -I- S + 20. = Na 2 S 04 -f CI 2 (1) 

From this equation it is obxdous that an excess of sulphur in an ore is an unneces- 
sary consumer of salt. 

For the metals that are converted into chlorides by chloridizing roasting, the follow- 
ing equations will indicate, in their simplest forms, the chemical reactions that occur 
in the furnace: 


2NaCl 4- Ag^S 4- 20. = Na 2 S 04 4- 2AgCl (2) 

2NaGl + aiS 4- 2 O 2 = NaoS 04 4- CuCls (3) 

2NaCl + PbS 4- 20= = Na 2 S 04 + PhCU (4) 

4NaCl 4- 2CuO + S 2 4- Oa = 2 Na 2 S 04 + 2 C 11 CI 2 (5) 

4Naa 4- 2PbO + S 2 4- O. = 2Na2S04 4- 2PbCl2 (6) 


The equations for oxidized ore apply also to the carbonates, which decompose to 
the oxides on heating. Sulphates and silicates decompose salt by the direct inter- 
change of the elements and radicals without the addition of sulphur. 

* Adkinbos% Henjjt The Sih’cr Mine of Tcjcas, EnQ* Mininff Jour^, Aug. 2, 1902, pp. 150-151, 
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Iron pyrite loses one atom of sulphur at low temperature, which assists in decom- 
posing salt for the chlondization of oxidized ore, as mdicated above The ferrous 
sulphide formed by the loss of this atom of sulphur reacts u ith salt m the presence 
of air to form ferrous chloride in a manner similar to the other metals This salt is 
probably oxidized to the {erne chloride in tronsitu to the oxide of iron, but m either 
state it decomposes at low temperature and becomes an active chlondizmg agent for 
the other metals Comparatively httle chloride of iron is ever found in leaching 
solutions or in fiunes from chlondizmg roasting The iron oxide thus freshly formed 
undoubtedly becomes an active catalytic agent and assists m the above-mentioned 
chemical reactions 

There are good reasons for believing that basic chlorides and double chlorides are 
also formed, these need not be speculated on here, but ivill be discussed under the 
Jenness process, page 548 Arsenic and antimony, which are frequently found in 
sih er minerals probably form combinations of this character The method of calcu 
lation stated above has been found to be remarkably dependable in practice, but it 
must be remembered that in roasting there is a dry mixture of ore and salt, both of 
which are crushed to pass on the average, a 0 75-mm screen It is, therefore impov 
sible to get the intimate contact between the salt and the mmeral particles that is 
obtamed from a solution of salt and finer grinding of the ore For this reason and 
on account of volatilization and mechanical losses, it has been found advisable, while 
mamtaining the ratio between the salt and sulphur, to increase the proportions of 
both about 25 per cent m relation to the ore also, for the reasons above mentioned it 
IS needless to say that these computations cannot be applied to a silver ore containing 
no chloridizable base metal, because the amount of salt necessary to combine with 
sUver alone would be almost negligible and it would he difficult to bring about chemical 
reactions 

From Eq (1) it will be observed that 116 parts by weight of salt combme with 32 
parts by weight of sulphur, or, in practice, it may be said that the ratio of salt and 
sulphur IS as 4 1 If sulphur occurs in the ore, this ratio will govern the amount of 
salt required for an efficient chlondization The amount of sulphur that will jueld 
the best results is that which wnll combine with chlondizable metals to form their 
normal sulphides For example, as shown m Eq (3), 65 parts by weight of copper 
combine w ith 32 parts by weight of sulphur to form normal copper sulphide, or a ratio 
of copper to sulphur as 2 1 Therefore, an ore containmg 4 per cent copper would 
require 2 per cent sulphur and 8 per cent salt to yield the most efficient chlondization 
By the same method of computation, a 7 per cent lead ore w ould require less than 1 per 
cent sulphur and 4 per cent salt for chloridizmg roasting 

In the early days of chlondizmg roastmg there was a tendency to use higher 
percentages of salt than necessary Later practice reduced this amount and it now 
ranges from 5 to 15 per cent of the weight of the ore, depending somewhat on the 
amount of sulphur present Ten per cent is usually the maximum required for all ore 
treated by this process, and for this amount of salt the sulphur should be as near as 
possible to 2 5 or 3 pci cent 

In the chlonduing roastmg of silver ores, the roastmg furnace docs little more 
than start chemical action For example, the ore-salt mixture remains m a Stetefeldt 
furnace only a few seconds while dropping from the top to the bottom — a distance of 
about 40 ft — against an updraft The red hot ore is drawn from the furnace and 
dumped into a 'soaking pit,” oi bedded on a coolmg floor to a depth of 3 or 4 ft , 
w here it remams several days until cool More than 50 per cent of the chlondization 
IS done on the cooling floor 

The temperature of chlondizmg roasting should not exceed 600“C , which is a low 
red heat Above this temperature there is considerable loss of the metalhc chlorides by 
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volatilization. Gangue materials and water vapor, as a rule, have little influence 
on cliloridizing roasting at low temperature. Gargeu^ states that aluminum silicates 
begin to decompose salt at 550°C. Spring^ states that lead chloride begins to decom- 
pose in the presence of water vapor at 110°C. and even sodium and potassium chlorides 
are partially decomposed at 400°C. Bagdasarian^ found that water vapor, diluted 
with air, decomposes zinc chloride at temperatures as low as 500°C. This phase of 
cliloridizing roasting will be discussed under Chloride Volatilization Processes. 

Practically all types of roasting furnaces have been used for chloridizing, tnz., 
hand reverberatory, Bruckner, White-Howell, Stetefeldt, McDougall, Edwards- 
Merton, Wedge, Herreshoff, and Holt^Dern. 

The most satisfactory type of furnace yet developed for ordinary chloridizing 
roasting, and the one most universally used at the present time, is the Wedge or 
“multiple-hearth” furnace, in which the ore and salt mixture is fed at the top and 
raked from one hearth to the next by rabbles or plows attached to radial arms from a 
vertical central shaft. This furnace is usually made with five superimposed hearths 
20 ft. in diameter. It is fired at the bottom hearth vnih wood, coal, oil, or gas from an 
attached firebox. Tlie coal required is about 10 per cent of the ore charge, depending 
on the quality of the coal used and the amount of sulphur in the ore. The capacity 
of such a furnace is 80 tons of charge (ore and salt) per day, although with careful 
manipulation it has reached 100 tons per day. 

The Edwards- Merton is less complicated in construction than the Wedge furnace. 
It requires no specially designed firebrick or tile. The mechanical parts are simple in 
construction and easily obtained. These are requisites in isolated districts (see 
Brine Leaching of Silver Ores, page 530). 

The Holt-Dern furnace was applied to chloridizing silver ore at Tin tic, Utah. It 
was a low shaft furnace, built of concrete, and provided with a rocking self-dumping 
grate for discharging the roasted ore. The furnace was filled 'with a moist mixture of 
pulverized ore, coal, and salt. A low air blast was applied to facilitate combustion. 
New ore mixture was charged at the top, while the chloridizcd ore was drawn inter- 
inillcntl}'' from the bottom. The operation of the furnace will be further described 
under Brine Leaching of Silver Ores. 

The Stetefeldt furnace went out of use vnih the passing of hyposulphite leaching 
in the United States, but in 1924 it was revived in modified form for oxidizing roasting 
of flotation concentrates; it also has merit as a chloridizing furnace, for which it was 
originallj’’ designed. It is believed none arc now in use in the United States. 

Where higher temperatures are used, as in volatilization roasting, the modern 
development of the White-Howell furnace is the only type that has been found satis- 
factor 3 '. This is the regular cement kiln used for burning clinker. It is a c^dinder 
100 to 125 ft. long and lined with firebrick. It is fired directly with oil, producer gas, 
or powdered coal, at the discharge end. 

Dust losses are negligible in chloridizing roasting, because as soon as the tem- 
perature is higli enough to start the sulphur burning, which is below a red lieat, chemi- 
cal action begins and the roasting charge has the appearance and physical character 

iGatioeu, a., Compf. Vol. 102, p. 11C4, 188G; Ann, c/iim. phys., (G), Vol. 10, p. 105, 1887; 

BAODASAmAN, A. B., Influence of Certain Solids and Gases on the Chlorization Roast, Eng, Mining 
•Tour.-PrM*, June 13, 1025, p. 0G3. 

* Sphino, W., Berichie, Vol, IS, p. 344-345, 1885; Baodabatuak, 9G3, 

* BAanASAiiiAK, op. ci7., p. 904. 

* Vonadiun Ore#. — The United States Vanadium Co. operates a plant at Rifle, Colo., for th» treat* 
meat of siliceous vanadium ores (roscoelitc?) found in the sandstone beds of that vicinity. The ore 
carries about 3.5 per cent vanadium oxide. It is roasted ’inth salt at low temperature, and sodium 
vanadate is formed instead of vanadium chloride. The roasted ore is leached with water, and the 
Y*0» is precipitated from the solution by the addition of sulphuric acid. This hiph-Rradc precipilaK 
i« filtered ofT, w.ashed, dritMl, and shipped to the ferroalloy plants in eastern United States. 
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of having been wet with water Losses that may occur are due to the volatilization of 
metallic chlorides as fume at high temperatures, and not to mechanical loss as dust 

FoUoivmg chlondizmg roasting there are, necessarily, attendant processes for 
the recovery of the metals These are described chronologically m the following 
paragraphs 

Pan. Amalgamation. — ^For a long time the pan amalgamation process was used 
to recover silver and gold from ore that had been chlondized by roastmg The 
process was the same as that used on raw ores, except that the addition of salt and 
copper sulphate to the ore m the pan was unnecessary unless the chlondizmg roasting 
was poorly done This process was gradually superseded by leaching processes, for 
reasons already stated 

Bnne Leaching of Silver Ores — The actual leaching of silver ore with brme, after 
chlondizmg roastmg began w ith the Augustin process m Germany m 1843 and con 
tinued to be used m Hungary for the recovery of silver from matte up to 1893 Owing 
to the prevalent use of pan amalgamation — even for ore which had been chlondized 
by roasting — and the early mtroduction of hyposulphite leachmg, brme leaching of 
silver ore did not make much progress m the United States It was first successfully 
applied bj D W B run ton at the Stewart mill in Georgetown, Colo , m 1876 Later, 
he operated this process at the Caribou mine in Boulder County, Colo , and up to 
1879, at the Silver Peak mme m Nevada Brtickner furnaces were used for chlondiz 
mg roastmg No effort was made to recover any base metal except the copper used 
in precipitatmg the silver from solution The process was not revived for the com- 
mercial treatment of silver ore untd 1911, when the Holt-Dem process* w as developed 
at Park City, Utah, and reached commercial operation m 1914 In 1915 a plant was 
constructed at Silver City, Utah, by the Tintic Milling Co This plant during its 
operation became essentially a pilot mill for a larger plant constructed by the Standard 
Reduction Co at Harold, Utah, to treat the low grade silver lead ore from the Tmtic 
Standard mme The larger plant had a capacity of 200 tons per day and began 
operations in January, 1921 

The process* consisted of a cliloridizmg roast in a HolUDern furnace, followed by 
a percolating leach with a nearly saturated solution of common salt acidified with 
sulphuric acid The silver was recovered by precipitation on cement copper, and the 
copper and lead by precipitation on detinned scrap iron 

The recovery of lead at the start was to be incidental, as it was at the pilot plant, 
but, stimulated by the higher prices for the metal during the early ’20 s, effort was 
made to improve the recovery — w hich was less than 50 per cent — and to treat ores 
containing a higher percentage of lead 

The average analysis of the ore treated during 1924 was Au, 0 025 oz per ton, 
Ag, 18 26 oz per ton, Cu, 0 3, Pb, 5 0, SiO*, 65 0, Fe, 10 0, CaO, 0 7, S, 3 0 and 
Ab, 0 7 per cent It is essential that the lime content of the ore be low, the eulphut 
not to exceed 4 per cent, and the gold be negbgible 

The ore muxture was made up as follows The ore, with 8 to 10 per cent salt, was 
crushed to pass a 10-mesh screen (about 1 8 mm opening) Fuel was added m the 

» Holt Theodqrb P Chlor dinng Leaclung at Part City Tran* AI M E Vol 40 pp I8»-197 
1914 SCHNIDT F S Rejuveoating the Chlondtnng Roast ilimnn Scu Frett Aug 29 19U PP S2i- 
328 SctbIBd Gzobos H Park City M Ibng Co Enf Sfimnff Jour Aug 8 1914 p 2»4 Dbbw 
G H The Minea Operating Co Park City Utah Eng Mtmng Jo^r Aug 8 1914 p 253 K*" 
GletnA Chlondisinfi Blast Roastmg and Leachiog, Enfl ItmintJouT Feb 6 191S pp 26^269 and 

Feb 13 1915 pp 315-322 Holt ThzodoSzP Chloride Roastmg and teathing Tmtio MiUogCo 
iltntng Set Preai Apr 24 920 pp 603-604 

*Al«w HP and W C Mapoe Chlondiimg AIill of the Standard Reduction Co Tram 
AIMS 8ept.l92S Mxnxng Mtl August 1925 p 444 PabsoNS A B The Tint c Standard Beduc 
tioaPla.At Enfl Mtntns 2 our Presa Aug 22 1925 p 284 OLDBiger G I. Present TiendinTreatioenl 
of Complex Ores Mxnxng Met July 1924 p san 
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form of coal dust, usually between 1 and 2 per cent, depending on the amount of 
sulphur (as sulphide) in the ore. With 3 per cent sulphur, 1.5 per cent coal was used; 
as the sulphur changed the coal was varied, using the ratio of sulphur: coal = 1:0.65. 
Sulphur was maintained as near 3 per cent as possible; if the sulphur content fell below 

2 per cent, the charge burned unevenly and lost heat rapidly during the recharging 
period; if it exceeded 4 per cent, the charge fused in the furnace, became troublesome 
to handle) and was poorly chloridized. Water was a necessary constituent of the 
charge for the purpose of agglomeration and forming a more porous ore bed. It was 
added in sufficient quantity to make the ore stick together when pressed in the hand. 
With a 10-mesh feed the water required amounted to about 7 per cent; too much 
water made a hard calcine; too little made roasting slow with a tendency to be '^spotty.” 
Water was supposed to assist in the chloridization by the formation of hydrochloric 
acid. 

The feature of this process was the unusual type of chloridizing furnace which has 
been described at the beginning of this section. The Holt-Dern roasters consisted of a 
row of reinforced-concrete boxes, 7 X 9 X 5 ft. deep inside, set end to end; on the 
bottom were mechanically operated grates witli hoppers underneath. Leading into 
the hoppers under the grates, was a pipe through Avhich an air blast was supplied at 
S oz. pressure by a direct-connected Sturtevant fan. This arrangement helped to 
cool the roasted ore and heated the air blast. A common flue, through *which the 
gases were drawn, ran the full length of the furnaces and connected with the absorption 
chamber for the recovery of acid, and thence to the stack. 

The furnace was started with a layer of coal dust dampened with oil, spread over the 
grate, and ignited. This was followed with a special ore mixture, richer with coal 
than the charge. The air blast was turned on, and when this charge was burning 
properly the regular charge was added. At regular intervals the grate mechanism 
was set in motion and the charge was lowered in the furnace, so as to leave a bed of 
red-hot calcines, about 10 in. deep, on the grate to start the new charge burning. As 
the roasted ore was drawn from the furnace, new ore mixture was added at the top 
in 4.25-ton charges. The capacity of each furnace was about 25 tons of calcines per 
day. The temperature in the center of the roasting ore was sxipposed to be between 
700 and 750*^0. Tlie furnace was operated with a cold top to prevent, as much as 
possible, loss by volatilization. 

The hot chloridized ore was dropped from the hoppers into a concrete launder 
througli which a stream of brine or “weak^^ mill Lolution flowed. This flushed the 
calcines into one of six concrete leaching vats. These vats were 28 ft. in diameter by 
11 ft. deep inside, and had a filter bottom made up of crushed quartzite. Each vat 
held about 225 tons of calcines when filled within 8 or 10 in. of the top. After leveling 
the charge, leaching was started. The lixivium was draum through 3-in. earthenware 
cocks into two concrete tanks of the same size as the leaching vats. The first, or 
richer part of this lixmum, was designated as '^pregnant solution'' and carried about 

3 OK, silver and 14 lb. lead per ton; the subsequent lixivium, known as “weak solution," 
was discliargcd into the second tank and was used for sluicing calcines into the leaching 
vats. 

The hot lixiviant obtained in the manner above described, containing an excess 
of salt and the soluble base-metal chlorides derived from the chloridizing roast, 
formed a quick solvent for the silver chloride and some of the lead salts in the ore. 
It was necessary to maintain a slight acidity (varying from 2 to 5 lb. of acid to the ton) 
in the leaching solutions at all times. A small part of the supply was derived from the 
gas-scnibbing chamber through which the gases from the roasting furnaces passed, 
but it was necessary to maintain the greater part of this acidity by the direct addition 
of G6®Be. sulphuric acid. The water from the scrubbing cliamber probably contained 
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\ mixture of sulphuric, sulphurous, and hjdrochlonc acids The regular Imviuia 
from the loaehmg vats contained about 22 per cent salt and had an average temper* 
jture of 62®C 

The time cycle for leaching the chloridised ore was as follows filling th“ vats, 
24 hr leachmg with v eak solution, 48 hr , with barren solution, 48 hr , with wash 
water, S hr , draining, 2 hr , emptjung vats 8 hr 

The presence of lime and magnesia was objectionable in au ore bee .use they com- 
bmed With he sulphur and prevented chloridizatiou in the roasting furnace, they 
consumed acid m the leaching solutions and thej nad a precipitating action on the 
base^metal chlorides Gold in the ore was onl} shghtlj chio idiz“d, and the recoverj 
never exceeded 35 per cent Gold therefore, was not desired if it occurred in the ore 
m appreciable quantity it was recovered from the tailmgs bj another process Chlo- 
rine gas added to the leaching solutions gave a good extraction of the gold, but it 
has not been found feasible to use this in practice The recovery of gold will be 
further discussed under Chloride Volatilization Prt-eeoses and Viet Chlonne-gas 
Processes 

A lixiviant saturated with salt was found troublesome to handle in commercial 
practice and it apparently did not have the solvent pov\ er for silver ehlonde that was 
obtained bj slightly weaker solutions The mill solution, as finally constituted at 
th" Standard plant had a ca rving capacity of 25 to 30 oz silver per ton, whi'-h was 
a concentration not approached m practice Dissolution of the lead, however, was 
quite a different problem Lead in the calcines was considered as p.esent m the form 
of the sulphate and not as the chloride The quantity of lead salts that brme wiU 
carry depends on the solution temperature, the chlorme concentration, and tb“ sul- 
phate content An eqiuhbnura in the sulphate content was soon established m mill 
solutions which prevented further dissolution of lead salts If the sulphate content 
(expressed as NajSOO could have been keptbclovv 2 per cent in the mill solutions of the 
Standard plant it would have been pc.mble to recover about 1 25 tons ad htional lead 
per day but, as these solLtions were returned to the circuit, the sulphate content was 
conslantli increased by the addition of acid, and bj the sulphates from new -alcuies 
All known methods for removing these sulphates w ere prohibitive on accoimt of the 
expense Increasing the leaching time from 4 days to 9 days raised the recovery of 
the lead from 65 7 per cent to 92 5 per cent, but tKs procedure required greatly 
increased leaching capacity 

The silver was origmallj recovered from solution by precipitating on copner plates 
and was melted into bullion 975 fine Later, the silver (and gold) were precipitated by 
cement copper (produced by the process) passed countercurrently to the Imvinir' 
through four Pachuca agitators These tanks were made of concrete, and the agita- 
tion was done with compressed air Afte*- a certam period the copper m the first 
agitator ceased to function, this was attributed to the deposition of metalLc arsenic 
The silv er precipitate was th^n w itbdrawn from the first agitator, and the copper from 
the second agitator was by-passed into the first The average analysis cf the silver 
precipitate was Ag, 8750 oz per ton (30 per cent), Cu, 15, Pb, 2, As, 25, Sb, 1 5 per 
cent, and the remainder was prin cip Uy iron, alurama, and “insoluble “ This precip - 
tate was washed and roasted slowly m a small reverberatory furnace The arsenic 
was volatilized and recovered in bags as AssOj, the temperature was tren raised to 
oxidize the copper The roasted material was treated with hot dilute sulpiiunc acid 
(25 per cent), v^hich dissolved the copper The residue v as dried and s Id to the 
smeltmg companies The analj sis of the final silver product was Ag, 10,000 to 14,000 
oz per ton, Cu, 1 0, As, 0 75, and Pb 18 per cent 

The hxwmm leaving the Pachuca agitators flowed through eight preeipitatog 
boxes or launders for the recoverv of the cooper These hoses were SO ft long, 5 ft. 
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wide, and increased from 18 in. to 3 ft. in depth; they were made of concrete in the 
«sual form, the bottoms sloping to facilitate sluicing. Ordinary scrap iron was first 
used as a precipitant, but later detinned sheet scrap was used in order to supply 
greater precipitating surface and to produce a higher grade copper precipitate. At 
comparatively low temperatures, the copper was precipitated preferentially from the 
lead. Part of the cement copper thus produced was used to precipitate the silver, and 
the balance was shipped to the smelters; it contained about 100 oz. Ag per ton, 50 per 
cent Cu, and 6 per cent Pb, besides iron and other impurities. 

The lead also was precipitated on detinned scrap sheet iron, but, to get a sufficiently 
rapid action, the temperature of the solution had to be maintained above 75®C. The 
solution leaving the copper precipitating boxes had a temperature of about 45®C; 
this was pumped into a tank fitted with copper coils and was heated with low-pressure 
steam to the required temperature before going to the lead precipitating boxes. There 
were 15 lead precipitating boxes of the same size and form as the copper precipitating 
boxes. The lead precipitate contained 6.5 oz. Ag per ton, 70 per cent Pb, and 5 per 
cent Cu, besides iron, alumina, and other impurities; it was shipped to the smelters 
without dr^dng and contained 21 per cent moisture. The iron and the alumina in the 
copper and the lead products were probably in the form of basic salts. 

It was found advantageous to remove the tin from the tin-plate scrap before using 
the iron as a precipitant. This was accomplished by treating the scrap with a solution 
of caustic soda containing a small amount of litharge. ^ The litharge was obtained by 
roasting the lead precipitate. The tin was not recovered. 

The average recover}’' of the metals from the ore in 1925 was gold, none; silver, 
S9.8 per cent; lead, 65.7 per cent; copper, 52.2 per cent. 

The cost of mill treatment per ton of dry crude ore was: operating labor, $1,738; 
operating supplies, $1,319; repair labor, $0,553; repair supplies, $0,539; power, $0,283; 
total, $4,432. The cost of labor and supplies at the plant was: labor, $5 per 8-hr. day; 
salt, $4; slack coal, $3.05; and tin-plate scrap, $18 per ton. 

The concrete construction used in the leaching vats, precipitating boxes, and 
tanks was important. The aggregate was composed of crushed quartzite and siliceous 
sand containing 96 per cent SiOa. The maximum size of the aggregate was 1.5 in.; 
the proportions used were 65 per cent of the coarse and 35 per cent of the fine. The 
ratio of cement to aggregate varied from 1:3 to 1:4, except in the lead- and copper- 
precipitating boxes where a ratio of 1:5 was used. None of this concrete showed 
any deterioration from the corrosive solutions except the walls of the absorption 
chamber, where the gases from the roasting furnaces were sprayed; these walls were 
attacked by the acids and w’cre then protected by plank, painted with elaterite. 
Cracks occasional!}^ developed in the lead-precipitating boxes oudng to the change in 
temperature when washed with cold water; such cracks were chipped out and filled 
with a 1 : 1 cement mortar. 

The mill was placed on a steep hillside, and the solutions were moved by gravity as 
much as possible; where pumping was necessary, wooden air-lift pumps were used for 
the corrosive solutions, and acidproof centrifugal pumps handled the barren solution. 
The launders were made of concrete. 

Considerable space is devoted here to the description of this plant oecausc it repre- 
sented years of experimentation and the expenditure of a large amount of money in 
an effort to exploit a new principle of ore" roasting on an old metallurgical process; 
brine leaching of silver-lead ore was studied here also in great detail under the most 
favorable conditions. The results as a whole show that little, if any, pecuniary 
advantage was gained over shipping the ore to the local smelters; tliis fact does not 
reflect adversely on the merit of the brine-leaching process, but clearly illustrates hovr 

» Bcaasnuu Cam., ** Fandbook of Mctallurg>%” Vol. 2, p. 423, New York and London^ 
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•ocal conditions not onlj should gos cm the selection of an ore-treatment process, but 
may affect its commcrcnl \ alue 

The interesting and novel features of the plant w ere the roasting furnaces and the 
use of concrete construction The basis of success m chlorultsing roasting and leach 
mg processes is an cITicient chloridizalion ronsequenti} , the interest m this plant 
centers primaril> m the furnaces used for chlondizing roasting 

^\^latever economics may has e been obtained m the construction and operation of 
the Holt-Dern furnace, it was fundamentally wrong for chlondizing roastmg Highly 
oxidizmg conditions arc impcratrt o for efficient chlondization , these conditions cannot 
be obtained when carbonaceous material is mixed with the ore charge and used as 
fuel The reducing conditions m this furnace are nmpl> proved by the tendency of 
the ore to matte or fuse when the sulphur content exceeds 4 p<r cent At the low 
temperature maintained, the effective chlorine can be liberated from the salt only hj 
the sulphuric acid radical, the sulphuric acid radical can be formed only by supplving 
the elemental sulphur with sufficient oxjgcn Apparent^, to obtain these essential 
oxidizing conditions, it would be better to use a percentage of sulphur high enough to 
maintain the heat of chemical reaction and use no coal at all It is necessary also, 
m the operation of these furnaces, to use an ore charge too coane for efficient chlon 
dization, in order to maintain sufficient draft, unless the mineral particles arc freed 
from the gangue by the coarse crushing, it is impossible to chloridize a mineral particle 
entirely enveloped bj gangue The ore mixture should be crushed to pass a 20- or 
30-mcsh screen for proper chloridizmg roasting 

^tater cannot possiblj have anj chemical influence on the chlondization at the 
temperature and under the conditions existing in this furnace, it is completelj evapo- 
rated before any decomposition can take place The water probablj dissolved some 
salt and thereby brought that salt into more intimate contact with the mineral 
particles and, m this manner, aided the chemical action Aside from improving the 
physical condition of the ore charge, it could onl j consume the extra heat units neces- 
sary for its evaporation 

Tlie chlondization might be improved if the roasted ore had been allowed to 
remain on a cooling floor for a few da>s, but this, of course, would lose the heat 
desired for the leachmg solutions Prohahlj much of the chlondization is accom- 
plished by the base-metal chlorides formed bj the reaction of their sulphates with the 
salt 

Comparmg the results obtained at the Standard plant with those obtained by 
hyposulphite leachmg on the much more diflicult ores from Aspen, Colo (see Hypo- 
sulphite Leachmg of Silver Ores), the question arises whether chlondizing roasting 
m a standard furnace and under proper conditions, follow ed by hyposulphite leaching, 
would not give much better results, such treatment of ore from Creede, Colo , which 
13 similar m character to the Tmtic ore, jnelded a recovery of over 90 per cent of the 
silver Lead and copper are recovered also by this process The final products 
obtamed are fully as high grade and are marketed m the same manner as the products 
obtamed at the Standard plant Hyposulphite solutions are noncorrosive and are 
easily regenerated 

Losses by volatilization at low temperature roastmg m a standard chlondizing 
furnace are not prohibitive, and the volatile chlorides are easily recovered 

Pilot plants, includmg Holt-Dern furnaces to be followed by brme leachmg, were 
mstalled at San Vicente, Bolivia, and at Pulacayo, Bolivia, to replace thehjposnlp^ 
leachmg that has been m use there for 30 years The success of this process hmged 
on the adaptation of blast-roastmg to high sulphur ore An attempt was made to 
solve this problem by returmng a portion of the calcme to the charge bm to be mix 
with the crude ore, thereby reduemg the sulphide-sulphur content of the furnace 
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charge.! The editor attempted to learn some of the detailed results of these plants, 
but without success. It is interesting to note, however, that there was some talk 
about constructing Holt-Dern plants in Bolma under Board of Economic Warfare 
auspices as late as 1942-1943. 

Manganese-silver Ores . — Clevenger and Caron” have made an exhaustive study of 
the treatment of manganese-silver ores, which are notoriously refractory. The 
results of this work may be summarized as follows: 

appears that in manganese-silver ores of secondary origin, formed at low 
temperature, the refractory silver mineral is manganite of silver; whereas, if the ore 
deposition has taken place at higher temperature, silver silicate maj’’ also be present.*' 

*'Our experience, however, is that, whether or not the manganese present has a 
fixed ratio to the silver, it is necessary to dissolve all of the manganese; or if reduction 
is practiced, all the higher oxides must be reduced to manganous oxide in order to 
obtain the highest recovery of silver. This clearly indicates that in certain of these 
ores although the silver has no fixed ratio to the manganese, the manganese is directly 
related to the refractory silver. , . . We have found that the refractory silver in the 
original ore is insoluble in all the common solvents for metallic silver and its salts — 
that is, cyanide solutions of all concentrations, dilute and concentrated nitric acid, 
dilute sulphuric acid, salt solution, alkaline thiosulphates, ammonia, mercury, and 
other reagents. This conclusion harmonizes with all previous work on the problem. 

“In the chloridizmg roast, as formerly carried out in various types of roasting fur- 
naces, the ore was first given an oxidizing roast, which was followed by the addition 
of the sodium chloride for chloridizing. During the oxidizing roast the Mn02 would 
be dissociated with the formation of the lower oxides MnoOa or Mn304, depending upon 
the temperature and time of heating. Also, during this stage, a large portion of the 
amenable silver compounds in the ore would combine with the Mn and SiOs to form 
additional refractory compounds. It is, therefore, not unusual during an oxidizing 
roast of ores of this class for all of the silver to be converted into refractory compounds 
where originally there had been only 60 to 75 per cent of refractory silver. On the 
addition of sodium chloride to the heated ore in an oxidizing atmosphere a consider- 
able proportion of the silver is converted into silver chloride, but the conversion is 
never complete, as indicated by the subsequent low recovery of silver. It is, there- 
fore, obvious that tlie conversion would probably bo more complete if oxidation could 
be avoided during the earlier stages of roasting. 

“With chloridizing blast roasting, the necessary fuel and salt are mixed directly 
with the ore, and, after ignition, the air is either blown or drawn through the charge. 
Under these conditions, during the heating of the ore an excess of carbon is left which 
to a greater or less extent reduces the higher oxides of manganese to the lower oxides, 
even as low as manganous oxide. This condition largely liberates the silver in a 
finely divided metallic condition which is ideal for chloridization. However, during 
this first stage, in which the conditions are reducing, no chloridization of the silver can 
take place at the temperature employed; but later, after the fuel is consumed, the 
mixture of Iiot ore and sodium chloride comes in contact with the air, at once giving 
conditions favorable to chloridization." 

Tins idea has been developed in the Vermaes process^ in which the finely crushed 
ore is mixed with organic material and sodium chloride. This mixture is heated to a 
temperature of 320 to SSO'^C., after which the ore is cj^anided. The organic matter is 

> Kobert D,, Blast-Roasting nn Improvement over Old Patera Process in Bolivia, Eng, 

Minxno Jour.^Prtfg, Nov. 20, 1024, p. 851. 

* Cl.E^’E^^oEn, Galej? n,» and Mabtin'us 11. Gauok, The Treatment of Mangancsc-sUver Ores, 
V, S. Bur, ^fir\es BuU, 220, 1925. 

*\eii«aes, Stefancs Johant^es, Treatment of Refractorj' Manganese Ores Containing Precious 
Metals or Silver Alone, V, S. patent 123442C, July 24, 1017; CLE>'ENCEn and Caron, op, cfh, p. 34. 
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added for tho purpose of break inR wp the manganesc-sih or compounds The reduc-. 
tion of natural mauganese dioxide begins at a temperature of approxunatclv 90“C 
in an atmosphere of hydrogen or carbon monoxide In the dry distillation of organic 
material, hjdrogen, carbon monoxide, and h>drocarbons arc rcadilj formed at 
temperatures of 180 to 200*C , and the reducing gases go formed rvill react with the 
higher oxides of manganese, reducing them to a lower oxide — generally to MntOi 
According to Vermaes, the silver will then combine with the salt to form gUver chlo- 
ride Smee the temperature m this process does not rise above SSO^C , all the charcoal 
resultmg from the distillation of the organic material remains unacted upon and 
finely divided throughout tlie ore Vermaes claims there is no loss of gold or giher 
by volatilization at this low^ temperature Clevenger and Caron found a small loss 
of gold but no loss of silver when conducting the chlondizmg roast in a reducing 
atmosphere at 300*0 they also found that the silver is not all present as chloride 
a small part being m the metallic state since decomposition of silver chloride begins 
in a reducing atmosphere at 300'’C " l^Iie amount of salt used in this process is I to 
3 per cent depending on tho proportion of silver present in the ore 

The percentage of silver volatilized^ from manganese-silver ores hy the chloride 
volatilization process is far below that w hich w ould be neeresarj for successful com 
mercial operations 

Conversion of these refractory manga nfse-silver compounds into silver chloride 
bj wet methods has been attempted by several investigators, but chieflj by Linton ’ 
He ground the ore and salt to pass a lOfbmesh screen and then agitated the mixture 
for 24 hr m a 5 per cent solution of sulphuric acid The ore pulp w as then filtered 
off, washed and cjanided The silver recoveries varied from CO to 94 per cent 
Clevenger and Caron found that the extraction of sil\ er vanes as the mangane«e is 
dissolved as sulphate, and in order to obtain a high extraction of ■»d\ cr it is necessary 
to dissolve all the manganese, therefore, the process is amenable only to ores low in 
manganese and w ith a gangue insoluble in acid The use of lij drochlonc acid instead 
of sulphune acid has yielded high recox erics of sihcr xxhen followed bj cjanidation, 
free chlorme is ex olvod w hen cither acid is used It is difficult, particularly w ith the 
higher grades of manganesc-sdx er ores to filter and completely wash the ore pulp 
The manganese sulphate remammg in the residue is an active cy antcide 

Bnne Leaching of Lead Ores * — In 1916 considerable work was done on the 
hydrometallurgy of lead at the Bunker Hill &, Sulhxan mme at Kellogg, Idaho 
following an attempt to use the dry chlorinc-gas process It was found that dry 
chlorme gas, acting on lead sulphide, produced lead sulphate and not lead chloride 
The fine galena concentrates w ere, therefore, roasted to the sulphate of lead by th* 
ordinary method, and the roasted ore w as leached xvith a strong solution of common 
salt This solution xvas electrolyzed, using shect-iion anodes Pure lead was 
obtained m sponjjv form xnth the theoretical ccmsuiiyition of iron The process 
seemed feasible with reference to cost and recovery , hut, w ith a smelting plant already 
in operation and treating all classes of ore, the leaching process was not developed to a 
commercial scale 

Experimentation by U C Tainton, metallurgical engineer for the Bunker HiU 4 
Sullivan Co , was contmued m perfecting the electrolytic cell, and a pilot pJa»f 
constructed to treat the tailings from the concentratmg mill The taiJmgs contain 

1 CLKvzKoas and Cahon et. p 3C w i o 

•Lisiok Robert feilver Ore Treatment la Mexico Jour Chem Vtt Set of Sovtk. Africa VoU9 
p 307 March 1909 Cietenoeb and Cabow op eil p 31 _ « 

•Lton D a and O C Rautov Innova tiona in the Metallurgy of Lead V S Bur •*^‘"** * 

157 Leaching Lead from Carbonate Ores iffning Sci Prttt Mar 1 1919 pp 277 282 R*i*r 
0 C, Salt in the Metallurgy of Lead Trant AJ Vol 57, pp 634-658 1917 
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considerable siderite or carbonate of iron. The}- were given an ordinary oxidizing 
roast to convert the iron into the insoluble ox'ide and the galena into the sulphate. 
The calcines were then leached with hot brine containing ferric chloride. The 
lixivium was passed through a diaphragm electrolytic cell equipped with insoluble 
anodes. Lead and silver were precipitated on the cathodes, and the chlorine liberated 
at the anodes was absorbed by the ferrous chloride in solution, regenerating ferric 
chloride for new lixiviant. 

Later development in this pilot plant during 1924-1925 resulted in further changes 
in the process. The ore was roasted at a temperature not exceeding 500°C. in a 
c}lindrical furnace, which was heated electrically by a central core of heat-resisting 
iron pipe; this obtained a highly oxidizing atmosphere without the contamination of 
fuel gases. 

The roasted ore was leached with wate^ to remove the zinc and other soltible sril- 
pluiics. It was then leached with hot brine from the electrolytic cells, to which some 
blenching power had been added. The calcium chloride in the bleaching powder 
precipitated the sulphuric acid radical from solution as calcium sulphate and thereby 
obtained an efficient dissolution of the lead. This was followed by a leach with new 
solution. The ore treated contained about 5 per cent lead. The consumption of salt 
W’ns 30 to 50 lb. per ton of ore. 

The lixivium from the leaching vats contained 12 to 15 lb. of lead per ton and w^as 
sent to the electrolytic cells; these cells W'ere closed for the recover}- of the chlorine 
The anodes Avere graphite and ^vere separated from the cathodes by diaphragms. The 
liberated chlorine gas was passed over lime to prevent it from becoming obnoxious 
around the plant; this also formed the bleaching powder used in the process. Only 
the calcium chloride — not the calcium hypochlorite — thus produced performs any 
valuable function in the process. The lead w-as precipitated on a submerged revolving 
cathode (135 r.p.m.) with a current density of 15 amp. per sq. ft. and at a pressure of 
3 to 4 volts. The lead deposited in a spongy condition and w-as constantly brushed 
off the cathode. Itw’as pumped from the bottom of the cells and sent to a filter to sep- 
arate it from the electrolyte. The lead sponge was melted into bullion, and the elec- 
trolyte, entirely free from lead, returned to the leaching vats. Gold and silver w'crc 
deposited wdth the lead, but, by using a lower current density, it w’as possible to pre- 
cipitate them preferentially from the lead in a highly concentrated product. 

The Chemical & Metallurgical Corp. of England likewise developed the Elmore 
process for the extraction of lead and silver from lead-zinc concentrates or high-grade 
complex ores. The ore w’as given a chloridizing roast with a small amount of salt at a 
temperature not exceeding 400° C., in order to chloridize the silver only. The roasted 
ore w'as than agitated in a series of rubber-lined cones with a saturated salt solution 
containing 10 per cent sulphuric acid, at a temperature of 100°C. Sulphuretcd hydro- 
gen w^os given off, and lead sulphate w^as formed. Sulphur dioxide gas w’as intro- 
duced into the last cone to prevent the formation of silver sulphide from the zinc 
sulphide present. Jjcad and silver passed into solution, and the zinc remained as n 
sulphide with the gauguc. The solution was passed over lead plates to precipitate 
the silver and then cooled to precipitate the lead as sulphate and chloride. The 
process w^as not a commercial success on account of the extreme mechanical difficuHy 
in handling the hot corrosive acid solutions on a large scale. 

The Combined Metals Reduction Co.,^ an organization financed by the National 
Lead Co., erected a plant at Bauer, Utah, in 1925, to^ treat complex sulphide ores by 
tho Snyder-Christensen process.* The ore treated w’as very complex middling from 

» 8nydcr-Chri«!tcnscn Process Works Well at Bauer, Utah. Sno, Mining Jour,-Prm July 4, 1925, 
HOW’S item. 

5U. S, patent 1549002, Aur. 11. 1925, N. C. Ciiristuxsek. 
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the concentrating mill where selective flotation was used on complex ores This 
imddimg product was treated with hot brine acidified with hydrochloric acid, which 
dissolved the lead and silver sulphides {also oxidized minerals) but did not attack the 
zmc and copper sulphides Hydrogen sulphide was evolved w hich might be used as a 
precipitant for the silver and lead if desired, but was sent out of the stack m the Bauer 
operations It was found more advantageous to separate the lead chloride by cooluig 
the lixivium than to recover the lead direct from this solution by means of electrolysis 
or by precipitating on iron An attempt was made to fuse the lead chloride thus pro- 
duced and precipitate the lead by the addition of metallic zmc, but no market could 
be found for the zmc chloride It w as later proposed to smelt the lead chloride with 
lime and return the calcium chloride to the circuit 

The hydrochloric acid used for acidifymg thebrmc was made in a separate plant so 
that the sulphates could be eliminated from the lixiviant and thereby secure a high 
extraction of the lead (compare with the Holt-Dem process described under Brine 
Leachmg of Silver Ores) The luxiviant was a nearly saturated solution of salt the 
acidity was varied to satisfy the lead content of the ore treated and was maintamed at 
the ratio of 0 5 lb hydrochloric acid to each 1 0 lb of lead m the ore, at the end of the 
leachmg operation the lixiviant should contam 0 5 per cent of free hydrochloric acid 
During the leachmg operations it was necessary to maintam the temperature of the 
lixiviant at 95®C , which was near the boilmg pomt Such a solution is very destruc 
tive to any type of leachmg vat and to all appliances used in the plant the materials 
used m this construction were confined to w ood and rubber The lixivium commg 
from the leachmg vats was said to carrj 4 per cent or 80 lb lead per ton 

The plant was designed for a capacity of 150 to 200 tons of ore per day, hut the 
mechanical difficulties m handling the hot corrosive acid brine, m dispo'smg of large 
quantities of hydrogen sulphide gas, and m makmg a satisfactory recovery of the 
metals were so great that the process did not pass the pilot-plant stage 

An experimental leachmg plant, using practically the same process, was estab- 
lished at Keeler, Calif by the Chemical Development & Reduction Co ^ The 
extraction of silver and copper was about 90 per cent 

Bnne Leaching of Copper Ores — The use of chlorine m the metallurgy of copper 
IS now confined to the chlondizmg roastmg of cupriferous emder from sulphuric acid 
manufacture The principal source of this material is pyrite from Spam, which is not 
only shipped to the United States but to many pomts in Europe, although other 
sources of pyrite are also used m quantity 

The practice is essentially the same in the United States and Europe, and also in 
Japan The process is more extensively used m Europe and some modifications were 
introduced there by Ramen* that are known as the RamSma system The acid 
roasters are operated so as to leave a little more sulphur than copper m the emder 
The axerage copper content is between 2 5 and 3 per cent, and the sulphur is between 
% wii 4 xssA. TVis •sVig’rA uxutsa lA stAifhar is iesirei \d gifi 'ttn; ba'iA of 

reaction If not already m fine condition, the emder or calcine from the acid roastmg 
furnaces is pulverized to pass a 10-mesh screen For this grade of emder, 8 to 10 
per cent of salt is added The Scandmavian plants use prmcipally Norwegian pyrite 
cmders, and these vary widely in both chemical and physical properties Some of 
them contam 2 to 6 per cent zmc The zmc sulphide does not oxidize readily, and 
consequently the emder carries a higher percentage of sulphur, which must be com 
pensated with an additional percentage of salt 

I Dawsoh C M The Experimental Plant of the Chemical Development A Reduction Co Enl 
Mining Jffur Frtii Sept 5 192S p 3S3 

• OsniAH N , ChlondiainB and Leaching as Practiced in Sweden Eng Mmxng-J'fur Mar 5 
pp 417-422 
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The furnaces used are the Wedge type in the United States and the Ramen-Beskow 
typo in Europe. Both types arc multiple-hearth furnaces and are usually direct- 
fired on the lower hearth by producer gas or by coal from a firebox. 

The Wedge furnace is 20 ft. in diameter and has five hearths. The Ram^n- 
Beskow furnace Ls essentially of the same construction as the Wedge, but the first and 
second hearths are separated, making two compartments of the furnace. The 
combustion gases thus are kept separate from the acid gases from the chloridizing 
roast. The draft is regulated by fans. The ore mixture on the first hearth is brought 
to a temperature of about 300°C. by the use of fuel; this is sufficient to start the 
chloridizing action. From this point the ore passes to the lower hearths successively, 
and, with the chemical action started, enough heat is generated exotherm icall}'' to 
complete the chloridization without extraneous fuel, and there is no danger from 
overheating or from loss by volatilization. 

The coal required in American practice varies from 8 to 12 per cent of the weight 
of the cinder, depending on the character of the cinder treated, the furnace con- 
ditions, and the quality of coal used. At the Oscarshamn Copper Works, Oscars- 
hamn, Sweden, where the latest improvements of the Ram^nia system have been 
in operation over twenty years, the Ramcn-Beskow furnaces are fired with producer 
gas made from tarry wood. The wood consumed corresponds to about 2 per cent of 
coal, based on the weight of the cinder. In order to maintain the heat of reaction, 
they mix a certain amount of green pyrite with the cinder during chloridizing roasting. 
Since they pay for the sulphur and copper, and sometimes for the iron in cupriferous 
pyrite, the amount paid for the sulphur thus consumed as fuel makes their actual fuel 
cost equivalent to American practice, although it is not so published.^ The temper- 
ature is never allowed to exceed 1100°F., or 600°C. Below this temperature there is 
no loss of copper by volatilization. 

The leaching vats are made of wood. Concrete, glazed tile, and acidproof brick 
have been xised for lining vats in the United States, but operation over a period of 
3 "cars has proved that wood is as satisfactorj’^ material as any other. In Europe, 
reinforced concrete is used. Connecting pipes or launders are made of wood, and 
solutions arc usually lifted by air-lift pumps, although in Europe wooden centrifugal 
pumps have proved satisfactory after long service. The filters are built of strips of 
wood in the form of lattice work. These are covered with prairie grass or similar 
material, and on top of this is placed several inches of wet leached cinder. 

In American practice, the hot ore from the roasting furnaces is dumped directly 
into the vats. Some plants in Scandinavia experienced considerable trouble with 
hard lumps forming in the chloridizcd ore, due to the formation of anhydrous sodium 
sulphate. RamCn overcame this difficulty by designing a “preleaching machine, '' 
in which a thin layer of the hot chloridizcd ore from the roasting furnaces is evenly 
sprayed with sufficient water to permit the crystallization of the sodium sulphate, and 
the moistened ore then remains in a pulverulent condition. This machine runs con- 
tinuously, and the prcloached ore is conveyed to storage bins, where it is picked up by a 
grab bucket and placed in the leaching vats. Considerable steam is generated by this 
operation, which is condensed and furnishes hot water for leaching. 

The gases from the chloridizing roasting furnaces pass through scrubbing towers. 
These are built of wood on a brick or concrete base. Thej” arc loosely filled with any 
inert material and sprayed with water at the top. They prevent the noxious gases 

* Coincident with this development may be mentioned a modified construction of the Wedge fiumice 
for autogenous blende roasting. It is 25 ft. in di.'imotcr and has eight hearths. The essential feature of 
the furnace is the arrangement for by-passing the roasted ore between the several hearths in order to 
obtain a desired distribution of the ore, preheated in the upper part of the furnace, among the lower 
reaction chambers. Inq.vli.8, W. K., TdeL, December, 1922. 
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from escaping into the atmosphere and becoming a nuisance, they also condcnic and 
recover the acid fumes The hot acid water from these towers is Used for leschmg 
purposes In the Itamfinia process the acidity of this water is kept at 15 to 24 g 
of HCl per liter which ensures the extraction of all soluble copper 

The leachmg vats can be made any size, but usually hold about 100 tons The 
ore bed is 3 to 4 ft deep By utilizmg the hot ore, hot acid water from the scrubbuig 
towers, and hot water from other sources mentioned, all leaching w done with hot 
solutions which ai erage between 30 and 40®C on leaving the vats and contain about 
25 g of copper per liter 

In turope, the time of leaching ranges from 35 to 45 hr under the ordinary sj" 
tem, but bj using a prelcachmg'* machine this is reduced to about 24 hr In 
America vhere the copper extrattion is usuallj made by the acid makers, the acid 
roastmg furnaces are better controlled and the cinder is m better physical condition 
for chlondizing roasting Under these favorable conditions leaching can be com 
pleted in less than 10 hr m the ordinary manner, and even with unfavorable condi- 
tions the time seldom exceeds 24 to 30 hr After washing the cmder is removed from 
the vats by grab buckets or by other means, depending on local conditions The 
copper remaming m the leached cmder is not over 0 1 per cent and is usually Jess 
than that This gives an average extraction of about 97 per cent 

The copper is recovered from solution by precipitation on scrap iron This is 
done m the usual ‘ boxes" or launders which yield a precipitate contammg about 
70 per cent copper, or m 'tumbling barrels" or drums which yield a precipitate con- 
tammg 85 to 90 per cent copper The advantage of the revolving drum is that the 
precipitation is done quickly by agitation, and the iron is kept clean, so there are no 
basic iron salts formed to contaminate the copper precipitate 

The leached cmder is known as purple ore, or "blue billy " If the original pyrite 
was commercially pure, the purple ore contains 55 to 68 per cent Fe, and not over 
0 01 per cent P 0 2 per cent S, and 0 1 per cent Cu In 1891, Bird of England dis- 
covered that this material could be pressed and burnt into strong briquettes without 
any binder This idea was developed commercially for fine iron ores first by Ander 
son m America m 1888, and later by GrSndal in Sweden m 1896 The purple ore is 
pressed by slow compression mto briquettes and heated in tunnel furnaces to a tem 
perature of 1450"C At this temperature practically all the sulphur is removed and 
the briquette is smtered In this condition it makes a desirable iron ore, which 
assures a saving of 8 per cent coke m the blast furnace and frequently mcreases the 
capacity 30 per cent compared with ordmary iron ore It is extensively used m 
Europe and Japan 

Under the cucumstanccs it is difficult to arrive at the actual average cost of 
producing copper by this process, smee the recovery of copper is onlv one of three 
phases in the treatment of the original pyrite In America, the copper recoi ery plant 
IS an adjunct to the acid plant The purple ore is noduhzed and sold to the iron 
smelters The profits derived from the copper and iron may be deducted from the 
cost of acid makmg In Europe, the cupriferous cinder is bought from the acid maker, 
and the recovery of the copper is expected to pay all the expenses of producing a 
desirable iron ore briquette which is sold to the u-on smelter A disadvantage of 
copper recovery by leachmg ores that have been given a chlondizmg roast is that the 
spent solutions are highly corrosive and are destructive to fish A technically sue 
cessful plant at Garwood, N J , operatmg on pyrite cmder, had to shut down because 
of contamination of the stream into which its solutions flowed 

Bnne Leachmg of Zme Ore —Chlondizmg roasting and water or brine leach 
ing as described for copper ore, have been successfully applied to zinciferous 
cinder withm the last few years for the purpose of extracting zme in solution for 
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the manufacture of lithopone.’ The treatment of zinc ores will be further dis- 
cussed under dry chlorine-gas processes. 

Hyposulphite Leaching of Silver Ores.— Hyposulphite (sodium thiosulphate) 
leaching came rapidly into favor in the United States after 1885; it was already 
well established in Mexico. It reached the zenith of its popularity between 1886 
and 1893 and was practically abandoned as a metallurgical procss at the end of 
that period, owing to the demonetization of silver in the United States and the 
general closing down of silver mines. The process is still used to a limited extent 
in South America and Mexico. 

Chloridizing roasting necessarily precedes the leaching, and the chloridized ore is 
washed with water to remove the base-metal chlorides before applying the hyposul- 
phite solution. This process is, therefore, closely related to brine leaching. It is 
essentially a process for silver ores, and the base metals are considered a nuisance. 
Silver is recovered as a sulphide from the hyposulphite solution by precipitating with 
sodium sulphide and the hyposulphite is thereby regenerated. 

When the chloridization of the silver is low, because of inefficient roasting, the 
extraction is low. Zinc sulphide acts in an unexpected manner. At the Holden 
Lixiviation Works in Aspen, Colo., the ores carried about 2 per cent zinc, and a zinci- 
ferous pyrite was used as a source of sulphur. The short period of roasting in the 
Stctefeldt furnace and 4 days of heap roasting on the cooling floor did not oxidize 
the zinc sulphide, although the chloridization of silver was satisfactory. As soon 
as the chloridized ore was placed in the vats and leached with water, 20 to 40 per cent 
of the silver reverted to the sulphide, omng to precipitation by the unoxidized zinc 
sulphide in the ore.* By roasting with a clean pyrite, this difficulty was largely 
removed. 

These defects in hyposulphite leaching were overcome to some extent by E. 
Husscll,* who discovered that a little copper sulphate added to the hyposulphite solu- 
tion formed a double salt of sodium cuprous thiosulphate, having the formula 

4Na2S203.3Cu2S20s -}- xH^O 

This salt has the power of dissolving sulphide of silver by forming sodium silver 
thiosulphate and cuprous sulphide. 

The solution thus formed is known in the Hussell process as “ extra solution and 
follows the “regular” or “ordinary” hyposulphite solution in the leaching operations. 
By the use of this solution the extraction is restored to the extent of the original 
chloridization of the silver and even beyond that point. 

The three ILxiviants rised in the Bussell process are, therefore, (1) wash water 
(brine), to remove the soluble salts; (2) “regular^ ^solution of sodium thiosulphate; 
(3) “extra” solution of sodium cuprous thiosulphate. 

The ore treated by the Bussell process at Aspen, Colo.,^ in 1891-1893, affords a 
good example of a troublesome ore to treat by hyposulphite leaching. It had the 
following composition: 

Ag, 27.92 oz. per ton; Pb, 2.28; Si02, 21.66; BaSO^, 20.92; CaO, 11.00; MgO, 4.24; 
Fc, 10.02; Zn, 2.85; Cu, 0.16; S, 8.10 per cent. 

’ OSTMAN, op, cit,t p, •121. 

* Morse, W. S., The Effect of Washing with Water upon the Silver Chloride in Roasted Ore, Trans^ 
AJM,E„ Vol. 25, pp. 5S7-594, 1S95. 

> Stetefeldt, C. a ., Working of Silver Ores by the Leaching Process, Trans. A.L^^.E., Vol. 12# 
pp. 291-2D5, 18S4; “The LixiWation of Silver Ores with Hyposulphite Solutions, with Special Reference? 
to tho Russell Process,’' New York, 1888; 2d ed„ 1893. Dacgert, Eelsworth, Th- Russell Process 
in Its Practical Application and Economic Results, Tranf. Vol. IG, pp. 362-495, 1888. 

< Morse, W. S.. The Lixiviation of Silver Ores by tho Russell Process at Aspen, Colo. Trann 
AJM,E„ Vol. 25, pp. 137-146, 993-997. 189.5. 
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The ore feed to the roasting furnace was crushed to pass a 30-mesh screen, this 
IS common practice for hj posulphite leaching 

The chlondwation of the silver m the Stetefeldt furnace -was 43 5 per cent, it 
was a little higher m the flues and dust chambers, making the average chlondiza 
tion 52 5 per cent by the direct roasting operation The roasted ore was piled on 
a cooling floor and allowed to remain an average of 102 hr , during which time the 
chloridization of the silver increased to 79 0 per cent 

The respective Immants mentioned above extracted the percentages of silver 
gn en below, as calculated from the average daily assays 

Teh Cent 


l\ ash water (brmo) 14 56 

"Regular’ solution 44 21 

‘ hxtra’ solution 27 98 

Total extraction S6 75 


rhe actual extraction during the entire period of operation, based on the sdxrr 
recovered and paid for was 94 21 per cent of the siher in the roasted ore and 8a 58 
per cent of the silver in the raw ore The volatilization and dust losses were 9 16 
per cent of the silver, which would he fully recovered in present-day practice 

Considerable lead was dissolved by the wash water, which was precipitated with 
the sill er as a sulphide bj means of sodium sulphide This gave a low grade product 
that was expensive to refine It was found by W S Morse, manager of the Aspen 
plant, that this precipitate, contammg lead sulphide, could be utilized as a precipitant 
for the silver m subsequent wash w aters, accordmg to the followmg reaction 
2AgCl -h PbS = Ag^ + Phai 

TTil® raised the grade of the final product and reduced the refining cost 
Subsequently, lead was removed from the wash water and the "regular" solution 
by precipitating with sodium carbonate Lead is preferentially precipitated in this 
manner before the lime and magnesia 

The silver sulphide precipitate from the hyposulphite solutions was eventually 
refined at the plant bj dissolving in hot concentrated sulphuric acid and precipitating 
the silver m metallic condition on copper 

Local conditions sometimes demand a variation from standard methods In 
Bolivia, ‘ where the metallurgical problem, mx olves the treatment of silver bearing 
tin ores, certam modifications in chlondizmg roastmg have been found necessary 
The chief gangue minerals of the ore are pjTite and quartz The silver occurs in 
tetrahednte, jamcsonite, stibnite, cylmdnte, and other complex sulphantimonial 
minerals, which are notoriously difficult to treat by any process other than smelting 
Most of the tin IS present in the form of impure cassiterite, although it is sometimes 
present as stannite associated with the above-named minerals 

At the present time the ore is crushed dry, given a chlondizmg roast, and leached 
with water and hyposulphite solution or with brine to extract the gold, silver, and 
copper Tlie tailings are concentrated for tin, with or without regrmding 

The percentage of silver that can be chloridized is not directly proportional to tl c 
silver content of the ore Tailings from any grade of ore will contain 5 to 9 oz, 
which cannot be extracted by any known commercial solvent, even though only a 
small proportion of this silver la in the fortn of sulphide 

The a\ erage grade of ore treated assay s about 35 oz silver per ton The ores 
contam 25 to 35 per cent sulphur, most of which must be removed by prehininary 

• SoHNLXTH M G F Uoastmg ».nd Ch.l<mdi.t ng o{ BoViviaa Vin Ote* AIMS t 

4 pp 670-«98 11*20 



CHLORINE METALLURGICAL PROCESSES 


543 


roasting before adding salt for cliloridizing. Fuel is expensive in Bolivia, so it is 
necessary to utilize as much as possible the heat developed by the desulphurizing roast. 

A peculiarity of this ore is the loss of over 30 per cent of the silver by volatilization 
and in flue dust during desulphurizing roasting in a McDougall furnace, which, added 
to the loss from insoluble silver, makes the loss over 40 per cent. Similar bub lower 
losses occur in hand-rabbled reverberatory furnaces. These losses can be fully recov- 
ered by means of a Cottrell precipitator, but an analysis of this product indicates that 
the losses are due largely to antimony, and no satisfactory" process has been developed 
for treating it to recover the silver. 

A satisfactory furnace has been finally^ developed in a modified form of the Edwards- 
Merton straight-line furnace, which has five hearths and is divided into three compart- 
ments by’’ means of doors or dampers to control the draft. By- the time the ore reaches 
the fifth or last hearth, it is ready^ for chloridization and the damper is closed, cutting 
off that hearth from the rest of the furnace. The necessary" am omit of salt is added, 
and the charge is chloridized in about 15 min. The chloridized ore is discharged 
in another 15 min. and the process repeated. This makes the operation of the furnace 
intermittent to some extent, but the volatilization and dust losses are greatly" reduced. 

Only" 3.3 per cent of salt is used for chloridizing, and no extraneous fuel is required. 

The chloridization of the ore is simple and quick if salt is added at the correct 
stage of the roast. 

Samples taken every" 10 min. from the chloridizing hearth for an hour after the first 
15 min. show no improvement in the chloridizing by prolonging the process. 

Tlie loss of silver during roasting is 1.5 per cent. The loss as insoluble silver is 
12.2 per cent, making a total recovery of 86.3 per cent. The cost of roasting only is 
about SI. 12 per ton. 

Some mining companies in Bolivia have continued to use the Patera, or hyposul- 
phite leaching process, as the most economical for the treatment of their ores.^ ''The 
lack of local lead or copper smelters, and the high freight charges to the outside, pro- 
hibit the shipment of any" but high-grade ores or products. Cheap salt, in unlimited 
amount, is available from the various closed basins of western Bolma. Numerous 
semiactive volcanoes supply" sulphur. Lime is also locally" obtainable. Hence the 
Patera process, producing high-grade silver sulphides, has continued to prove an 
economical treatment for many" high-sulphur ores that require little fuel to roast.” 

Segregation Process . — A process that does not seem to have attracted the notice 
that it should is the segregation process for the treatment of lean oxidized copper ores 
or of mixed oxides or sulphides. It was described by" Maurice Rey." It reduces the 
ore with carbon in the presence of a small amount of chlorine, i.e.j about 10 per cent 
of the amount of chlorine that would be required for a complete chloridization of the 
ore. When subjected to this combined action of chlorine and carbon, the copper is 
reduced on the carbon particles and tends to collect in small shot, owing to the fact 
that the speed of the chloridization reaction is greater than the speed of the carbon 
reduction. The process is particularly- adaptable to highly- siliceous ores. A basic 
gangue reduces the efficiency of the process. Sodium chloride can be replaced by" 
magnesium chloride, cuprous chloride, cupric chloride, and calcium chloride. Potas- 
sium chloride and barium chloride are said to produce inferior results. At the Alaska 
mine in Southern Rhodesia a sulphide was treated which required roasting, using 

per cent of sodium chloride and 1 H per cent of finely ground coal. These reagents 
were added on the sixth hearth of the roaster, segregation occurring on the sixth and 
seventh hearths. The ore is protected from air during cooling. It is then crushed, 

* Fr imoK, UoDiuiT B., Blast Roasting an Improvement Over Old Patera Process in Bolivia, Eng. 
Mining Nov. 29, 1924, p. 853. 

» Per. Vol. 33, pp. 293-302, 103G. 
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on«I thf topper gtol or globules ore reco\cred by crushing and eoneentrflt.on A 
month's run on this proee&s gat e a reeot erj of 86 91 per cent of the contained copper 

Miscellaneous Chlondizing Roasting Processes. — Ralph W L Macit or patented 
the use cf eolutions of magnesium chloride under pre'isure to leach roasted nickehferous 
mattes carh m the centurj , and Adolphe Seigle extended the idea to the use of cal- 
cium sodium, magnesium, banum, strontium, or iron chlorides, specifying that the 
pressure must be at least 3 kg persq cm m the autoclave (1908) C A Brackebberg 
agglomerated complex ores by mixing vnth magnesium or calcium chloride, magnesium 
sulphate or the like, heated them to redness either m air or steam, and then treated 
them with hydrochloric acid and steam at 1100 to 2200^ Under these conditions 
he hoped to dutiH nickel or cobalt chlorides out of the mass, leaving copper and iron 
behind (1913) 

While Ralph 1 Majer took out manj patents for the use of chlormc, most of 
them inyoUeil the u>c of such quantities of sulphur or of sulphur oxides that one feelj 
ns though proccf«»c» were more sulphatizing operations than chlondizing IIowe\cr 
ISTOSfS of 1932 and 1937661 were exceptions In the first the ore w as moistened and 
mixe<l w ith feme chloride and heated to 250“ to SoO'C , w hile air was being introduced 
up to 70 per cent of the amount necessarj to convert the nickel and cobalt to soluble 
chlorides In the second, which is mtended particularlj to treat Cuban latentes, the 
ore Ls reiluecd at 400 to TOO'C , treated w ith chlorine gas at 150 to 300°C , and then 
with oxjgen to convert the FeClj to FejOj Nickel, cobalt, and copper are supposed 
to remain soluble 

I II Brown and S J Broderick reduced Chiban ore with hjdrogen at 600 to 
TOO^C , then admitted chlorine at 200“ or less, which is supposed to chloridize the 
nickel and col alt but not the iron If the temperature is raised to 300*C while the 
chlormc is being admitted ferrous chloride is supposed to distill off, lea\ mg nickel 
cobalt, chromium, etc (UJS patent 2067874) (Sw also p 547 ) 

CHLORIDE VOLATILIZATION PROCESSES 

Pohlc-CroasdaJe Volatilization Process ' — PohllS and Croasdalc discoicreil bj 
raising the temperature of chlondizing roasting to 1050“C that gold, silver copper 
and lead esn be commercially volatilized as chlorides from their ores and the metals 
reeo\ered from the fumes Bj charging the ore salt and sulphur mixture as quickb 
as pfi><sible into the hot zone of the furnace, y olatilization begms at about 7o0’C and 
IS completed within 30 to CO mm The roasting atmosphere must be kept higlil) 
oxidizing Tlic process is continuous and the ore is commcrciallj de\oid of xalue 
as it discharges from the furnace 

Tlie furnace u«ed for this process was a regular cement kdn, 100 to l2i> ft iii length 
find in the ii'nial manner 

llu ch< miial reactions imoh ed arc the same as those giy en for chlondizing roast 
mg m the preceiling section There should be a strict adherence to the proportions 
then stated The ore and salt are crushed to pass a 20-mesh or 0 75-irm srretn 

Tlie proicss ls theoretieallj applicable to all ores m which the metals do not ocnii 
in natisc or metallic conditio* regardless of the ganguc constituents Basic ore* 
are preferable because the) do not fuse or sinter at the temperature of the roast 
f'lliceous ores work almost as well Neutral ores are leas* desirable when the acid 
and base gangue constituenta arc in such proportions as to form a fuaih'c combination 
with the salt at the furnace temperature Ininich cases calciuni chloride may lx* used 
la place of common ralt, or lime may be added to the tbnrge in fuff'wnt quantitj 
to raise the fusion point 

iCaOMi>*t.K. Stvxkt \ otatiliisl on of MruU m Chlof i<1« Eng Vininc Ao* 2" ICOl f" 
312 314 V R pitcnl TttZI” Ot so 1003 
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Common salt is the iisual source of chlorine on account of its cheapness, but in 
some instances it has been found desirable to use calcium chloride wholl}'’ or in com- 
bination with the salt. Sulphur is usually a necessary constituent of the charge, 
although with some ores the silica or carbonic acid seems to take its place in the 
chemical reactions. 

Gold is easily volatilized, but in what form was never definitely determined. 
It was generally supposed that gold trichloride was formed at low temperatures, and 
this was decomposed into metallic gold and chlorine at temperatures below 300°C. 
If this is true, the metallic gold formed from the vapors is probably colloidal and is 
carried out of the furnace in that form with the gases. Rose^ states that when gold 
is heated in chlorine at atmospheric pressure trichloride of gold is formed, which 
volatilizes at all temperatures above 180°C. up to and beyond 1100°C. Other metal- 
lurgists^ thought that gold forms a double chloride with salt, or other metallic chlo- 
rides, and volatilizes in that form. The theorj^ of a double chloride seems more 
probable. 

Silver is less easily chloridized and volatilized than any of the common metals. It 
seems to be extremely sensitive to atmospheric conditions in the furnace and may be 
affected by the gangue constituents in the ore.® Silver chloride melts to a thin liquid 
at about 451^0.“* before it volatilizes, which probably accounts for its sluggish volatili- 
zation. It is much more easily volatilized in the presence of other metallic chlorides, 
which would indicate that it volatilizes as a double chloride. 

Lead is the most easily volatilized of all the metals as a chloride, and the chloride 
is easily formed by chloridizing roasting. AVith some ores, sulphur is not necessary 
in the cliloridizing of lead minerals, and some experiments^ have shown that volatil- 
ization can be accomplished more successfully without it. 

Copper is readily volatilized as cupric chloride and as cuprous chloride. Cuprous 
chloride is the more stable at high temperatures. * Some oxychlorides may be formed, 
b\ii not to any large extent. 

Zinc is volatilized according to the sulphur content of the ore. In oxidized ores, 
lead, silver, copper, and gold can be volatilized preferentially, leaving the zinc in the 
gangue for subsequent treatment. If complex sulphide ores are roasted so that the 
sulphur content is only sufficient to combine with the other base metals, these metals 
can, in a similar manner, be preferentially separated from the zinc by the volatiliza- 
tion roast, but if any excess of sulphur over the amount specified is left in the ore 
after the preliminary roast, zinc will volatilize with the other metals in proportion to 
the excess of sulplmr present in the charge. 

Little hiformation is available concerning the chloridizing action on the gangue 
materials. Silica acts ns an acid and decomposes salt, with the liberation of chlorine 
at high temperatures. Iron chlorides arc formed from the sulphides, but they 
quickly decompose to the oxide, and very little of the iron is volatilized.® Aluminum 
is not volatilized as a chloride from its oxide in an oxidizing atmosphere (see page 555). 
Calcium and magnesium may be volatilized to some extent as chlorides,’ but they ir. 
no way interfere with the volatilization and recover}’’ of the other metals. 

» Koar.. Sm T. K., of Gold.” pp. C1-C3, London, 1915 

* STi^TKrrLDT, op. cil., p. 310. 

* 0*. S. iJur, Mines Bull, 211, p. 45. 

* Vaklet, Thomas, Supermtondent, Ut.ili Station, U. S. Bureau of Mines, Salt Lake City. 

» Balston, 0. C., Salt in the MclnllurKy of Lead, Trana. AJ^M.E,^ Vol. 57, pp. G39-G41, 1917; 
Vaiiley, Thomas, t/. 5. Bur, Mines Bull, 211, footnote p. 19. 

* Nickel volatilizes as a chloride to a greater extent than iron, and it might be possible to recover 
nickel in this manner. If oxidized by a preliminarj' roast, nickel will remain in the gangue and it Is 
po^^^iblc preferentially to volatilize copper from nickel by the chloridizing roast. 

* MonsE, W. S., Lixiviation of Silver Ores by the Russell Process at Aspen, Colo., Trans, AJ,M K 
Vol. 25, p. 997, 1895. 
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The metallic chlondea are driven from the ore in the form of vapor, and they con 
dense as colloidal particles of fume Each particle is surrounded with an adsorbed 
film of air or furnace gas, which prevents coagulation and collection by any other 
means than electrical precipitation ^ The fume particles thus enveloped will pass 
untouched through water or any form of scrubbing device The electrical stresses 
set up m the Cottrell precipitator break up these gas envelopes and permit the eoagu 
lation and recovery of the fumes Bag filters of textile material will make a high 
recovery, but are difficult and expensive to operate, owing to the corrosive nature of 
the fumes and gases 

The metals are recovered from the precipitated fume by the substitution of one 
metal for another m an aqueous solution or by the electrolysis of the fused chlorides 
Where the metals m the fume consist only of copper, silver and gold or lead, silver, 
and gold the fumes are reduced to a bullion by heating with lime and carbon The 
calcium-chloride slag can be utilized m place of salt to chloridize new ore 

Several small plants have been operated m the United States but they were 
equipped with furnaces rangmg Irom 25 to 60 ft m length These furnaces were too 
short to complete the volatilization when operatmg at commercial capacity A full 
sized plant was operated by the Blaisdell Coscotitlan Syndicate,* Pachuca Hidalgo, 
Mexico, on patio tailings Their furnace was a kiln 125 ft long and 8 ft in diameter, 
lined with 9-m concrete clinker brick The fuel consumption was 12 gal of 18,500 
B t u oil per dry metric ton and this without preheating the air or ore or using any 
insulation The recoveries were well over 90 per cent on the gold, copper, and mer- 
cury, 100 per cent on the small amount of lead, and 75 per cent on the silver, which 
was considered good on this class of material No advantage was found by using 
calcium chloride, but 5 per cent of June was necessary to reach the proper finishing 
temperature The property was forced to cease operations on account of the low 
price of silver 

A commercial plant was put into operation on the same line by the "Weslern 
Metallurgical Co of Los Angeles m 1927 It was found advantageous to add the salt 
at successive intervals during the roast rather than all at once with the ore By domg 
BO the fusing temperature of the charge was mamtamed at a higher pomt, and the 
chlondization, consequently the volatilization of the metals, considerably mcreased 
The ore was preheated to the volatilization temperature in a separate furnace before 
adding the salt The salt and the hot ore were then fed into another furnace, mam 
tamed at the volatilization temperature with a comparatively small amount of fuel, 
and the chloride fumes sent to the Cottrell treaters less contammated with combustion 
gases and other inert material Certam advantages were also found m passing the 
ore charge through the furnace concurrently with the combustion gases mstead of 
countercurrcntly as ongmally practiced but this system was not developed com 
mercially The plant fell a victim to the Great Depression 

RIaier* has discovered that lead and zinc are readily and almost compUtely 
volatilized as chlorides when their oxides (in ores) are heated, without reducing 
agents, m a current of chlorme gas at temperatures ranging from 500 to 750®C The 
chlorides of both metals are volatilized and easily condensed m a relatnely pure 
condition, the principal impurity is calcium chloride — and magnesiiun chlonde vould 
probably volatilize also if present m the ore Iron and alummum chlorides are 
decomposed at low temperatures and do not volatilize to any appreciable extent 

iBancboit W D Applied CoUo dal Cbenustry pp 21-22 291-300 New York and Londoa 
1921 

»y 5 Bur 3/iRei Suit 211 pp 83-84 

• \fAiE8 CbabUs O Foseibilitiea of Dry Chlorination of Oxidized Zui« Materiala EnO 
^owr Prtt$ (January 13 1923) p 51 
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This research work has been carefully done and is suggestive of further application 
of the process. 

Chlorine volatilization processes have been patented by Wescott (U.S. patents 
1552786, 1898702, and 1916853) and by Hart [1826932 (reissue 18609), 2030867, and 
2030868] for the beneficiation of iron ores containing such metals as nickel, chromium, 
cobalt, and copper. The iron was to be volatilized as FeCls, which was burned to 
pure FejOs and Cl (the former being used as an iron ore, the latter used again in the 
process), leaving a residue behind containing the more valuable metals as chlorides, 
mixed with the gangue. Hart also contemplated treating such ores as the Cuban 
North Coast ores, volatilizing only a part of the iron, leaving a residue to be smelted 
to 18 and 8 stainless steel. It is believed by the editor that he did not realize how 
much chlorine remains as basic chlorides or nickel chloride under a partial volatiliza- 
tion program. The Wescott process for selective chloridization of nickel is described 
in the chapter on nickel. 

Alexander L. D. Adrian, along somewhat the same lines as Wescott and Hart, had 
previously patented a process that involved briquetting finely ground complex ores 
with sawdust and molasses, or starih and water, carbonizing in a muflSle, and then 
introducing chlorine gas at a temperature above 450°C. Iron was supposed to distill 
off as ferric chloride, leaving behind such metals as chromium, zirconium, vanadium, 
uranium, cobalt, and nickel (U.S. patent 1434485 of 1922). 

Caveat Process of Tin Recovery. — This process was worked out for the treatment 
of the ores of Pinyok, Thailand. These ores contain tin as cassiterite in a gangue con- 
taining considerable magnetite and iron-lime garnet. The grain size of the cassiterite 
was so small and the interfering minerals of such magnitude that both gravity con- 
centration and dotation gave indifferent results for the recovery of tin. A large 
number of chemical processes were experimented with and the so-called Caveat 
process was eventually decided upon as oftering the best chance of working these ores 
profitably. 

Essentially the process was the treatment of a mixture of the ore and ferrous or 
calcium chloride under reducing conditions such that none of the iron was left as 
Fe208 and a large part of it was reduced to FeO or Fe. Under these conditions the 
stannic oxide was reduced to stannous oxide, and in this form it reacted with the 
chlorine present to give stannous chloride and ferrous oxide or calcium oxide, depend- 
ing on which chloride was used. As a matter of scientific interest it may be noted 
that the reaction was satisfactory with barium or strontium chloride, but these were 
of course out of the question because of price. Sodium and potassium chlorides gave 
poor results. 

The optimum working temperature lay between 725 and 7oO°C. At too low a 
temperature, the retorts were corroded and the reaction was of course slow; at too 
high a temperature, the reaction again became slow and there was grave risk of burn- 
ing out the retorts. A most ingenious furnace for continuous retorting was invented 
by A. G. MacGregor of London. 

The volatilized stannous cliloridc was condensed in water, tliis problem being 
comparatively easy as the products of combustion of the fuel used in heating the 
furnace were kept separate from the volatilized chloride, which was mixed only with 
carbon monoxide or carbon dioxide from the reduction and a negligible amount of air 
trapped by the ore, the reduction carbon, and the chloride. 

The scrubber solution was reduced and practically neutralized with scrap iron and 
then electrolyzed, using a revoKdng steel mandrel as the cathode and boiler-plate or 
cast-iron anodes. The tin was deposited on the rotating mandrel and was replaced 
in tlje solution by an equivalent amount of the iron of the anode. The Pinyok ore 
contains some lead, which was also volatilized as chloride. ^Tiile most of the lead 
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deposited as a sludge m the acid scrubber solution, the solution as sent to the tanl 
house was always saturated with lead chloride to the extent permitted by the tem 
petatvae and the slight acidity of the solution Practically all the tin could be 
deposited before the lead began to plate out 

The solutions were stripped Kif tm after the mam portion of tm had been taken 
off the cathode, the lead commg down with this last tin and prodneing a small amount 
of inferior metal 

The tank house solutions were evaporated, recovermg ferrous chloride derived 
from the metal of the anode, and this chloride then went back mto the process with 
more ore and reducmg agent (charcoal) As a consequence, after operations were 
mitiated, except if calcium chloride was used for make-up the reactive reagent was 
ferrous chloride A pilot plant was operated at Bromley-le-Bow near London The 
full scale plant was just ready to run at the time of the Japanese invasion of Thailand, 
and the plant was taken over by them in the first few days 

In very recent months Irving E Muskat has taken out patents for the volatibza 
tion of stannic chlonde from tm ores and residues m a continuous shaft furnace He 
has a tm-ore treatment process in which he chloridizes tin ores at such a rate as to 
make the reaction self sustammg, usmg chlorine or hydrochloric acid in a refractorj 
Imed shaft furnace (U S patent 2345210 of Mar 28, 1944) Some reducing agent is 
necessary, such as carbon, methane, acetjlene, ethane, sulphur, or a sulphide In 
spite of the necessity for a reducmg agent, he also finds it occasionally necessary to 
introduce air or oxygen, in which case the reducmg agent must be increased The 
presence of air renders selective chlorination possible, particularly as it inhibits the 
formation of iron chlorides 

Other uses of the chlorme radical in the tin metallurgy are of course old The 
late J W Richards for some time ran a plant for detmnmg the ordmary tm plate, 
using hydrochloric acid as the detmnmg agent and produemg a tm chloride that was 
sold This plant was eventually forced out of busmess by the rise of the electrolytic 
detmnmg process usmg a caustic soda electrolyte In turn the use of chlorme for 
detmnmg came back m the Goldschmidt process where steel scrap was detmned by 
gaseous chlorine (page 554) 

Contmuous Chromite Chlondization “It is claimed that it is possible to chlondize 
chromite contuiuously, distilling off the ehromram from the won (Irving E Muskat 
U S patent 2325192 of July 27, 1943) A reducmg agent is mixed with the ore in a 
refractory bned contamer, using chlorine not m excess of the theoretical amount to 
chlondize the chromium and the iron to the ‘ ic ” condition The chromium chloride 
distills off and is condensed after addmg an excess of chlorme to the gas being drawn 
off from the reactor 

The use of sulphur dtchloride, SCU as a chlondizmg agent, with sulphur tetrachlor 
ide, SCR, as a welcome impurity, has been advocated by L G Jenness (U S patent* 
1834622 of 1931 , 1863999 of 1932, 1923094 of 1933), particularly m combmation with 
free chlorme The so-called monochlonde (SjClj) he finds mert which bears out the 
earber experience of Dr E W Wescott, who used SClj (or SjCli as it more probably 
is) to chlondize pyrrhotitc for the production of ferric chloride and elemental sulphur 
This latter process, however, lies out of the field of nonterrous metallurgy 

Sulphur dichloride is prepared by passmg chlorme through or over sulphur or 
sulphur chloride at 25 to BO'C Above eo’C the product is contammated with 
sulphur monochlonde, this undesirable feature mcreasmg as the temperate approaches 
100*C Jenness conducts his operations by workmg at mcrcaemg temperatures, 
thereby volstUizmg one chlonde after another He believes that when he works on 
oxidized ores, much of the volatilized product consists of double cHondes, ejt 
4Taa*.3Sat, TiCltECU, 2CbatSCU, VOCUSClj, and that such chlondes arc 
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distinctly lower in their volatilizing points than are the corresponding chlorides, such 
as TaCls, CbCU, etc. The double chlorides he also says are most of them soluble 
without change in water, while the single chlorides hj^drolj’ze. The double chloride 
of tin is an exception, as it rapidly decomposes even, in cold water. 

Oxide Volatilization , — Corollary to chloride volatilization is the oxide volatiliza- 
tion process, developed by the Chief Consolidated Mining Co,,' at Eureka, Utah. 
Ores from this mine var}" from entirely oxidized ores to ores showing only slight 
oxidization, and from nearly self-fluxing ores to highly infusible ores. The average 
ore has approximately the following composition: Au, 0.055 oz, per ton; Ag, 25.2 oz. 
per ton; Pb, 6.0; Zn, 4.6; Fe, 7.0; ''insoluble/' 63.8; S, 4.8; and CaO, 2.6 per cent. 
Smelting and freight charges were high, so the company began its metallurgical 
research in 1916 to develop a method of ore treatment at the mine, principally along 
the lines of mechanical concentration and chloride volatilization. This work resulted 
in the construction of a concentration and volatilization plant, designed to treat 250 
tons of ore per day; the plant was started in May, 1925, but was scrapped in 1932, 
due to low metal prices. 

All the sulphide minerals and some of the lead carbonate are recovered by gravity 
concentration and flotation; this likewise removes all the easily fusible or slag-form- 
ing constituents from the gangue. The tailings from the concentrating plant carry 
0.035 oz. Au per ton; 11.4 oz. Ag per ton; and 4.7 per cent Pb. These tailings are fil- 
tered and then dried by the hot gases from the volatilization furnace in a Ruggles- 
Coles rotary drier, 7.5 ft. in diameter and 60 ft. long. An indirec1>-heat type of drier 
is used to avoid contamination of the fume-bearing gas. 

The dried tailings go direct to the volatilization furnace, which is the regular 
cement kiln tj^pe, 10 ft. in diameter and 80 ft. long, and is fired with pulverized coal. 
Volatilization experiments were started by using 10 per cent salt, but this produced 
a fusible slag at temperatures below the point at which a satisfactory^ volatilization of 
the silver could be obtained. Peduction of the percentage of salt permitted the rais- 
ing of roasting temperatures which thereby increased the volatilization and recovery 
of the silver, until, finally, the use of salt or other chlorides was discontinued entirely 
and the furnace temperature was raised to 1400°C., at which point the gold, silver, and 
lead are almost completely volatilized. These results have been duplicated in prac- 
tice, and the elimination of chlorine permits the use of bags for the recovery’’ of the 
volatilized fume. The calcines discharging from the volatilizing furnace carry only 
trace Au; 1.2 oz. Ag per ton; and 0.2 per cent Pb, thereby showing a recovery of nearly’’ 
100 per cent of the gold, 90 per cent of the silver, and over 95 per cent of the lead, 
since the recovery of fume by” means of the baghouse is practically complete. The 
recovered fume assays 0.3 oz. Au per ton; 64.0 oz. Ag per ton; and 27.8 per cent Pb. 
The capacity” of this furnace is 7 tons of tailings per hour, and the consumption of 
coal is about 30 per cent of the furnace feed. The tailings go to the volatilizing fur- 
nace without regrinding and will all pass a 20-mesh or 0.75-mm. screen. 

ISvo curious analogies have developed between chloride and oxide volatilization: 
(1) Accretions of ore occur in the preheating zone of the volatilizing furnace, up to a 
temperature of about 1100°C., in spite of the fact that no salt or other chlorides are 
used in the ore feed, but at higher temperatures these accretions do not exist. They 
are not slagged accretions, such as rings in cement kilns, but consist of imfused parti- 
cles of quartz (the principal gangue), loosely” bound together by” a slight fusion of the 
other gangue constituents; they’’ do not occur in definite rings, as in cement kilns, but 

^ Parsons, AnTircm B., Chief Consolidated Starts Novel Reduction Plant, Eng, Min* Jour,^Pr€S$ 
(Oct, 11, 1924), p. 582; BAiinoun, Percy E„ Tho New UtaI»-Idaho MctaUurR:\^ Af»n Met, (August, 
1925), p, 305; Wioton, G. H., Tho Chief Consolidated Volatilization Process and Mill, Trans. A,l,M,E. 
(September, 1925); Min, Met, (August, 1925), p. 444. 
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occupy the entire preheating rone Th6>pe accretions are removed periodically by 
means of a water cooled plow mounted on the end of a water cooled bar, 86 ft long 
which has a direct-current crane motor and gears mounted on the other end, the gears 
run on a stationary steel rack mounted on each side of the bar ^ ith this plow, longi 
tudmal trenches can be cut through the accretions when necessary and a clean fur- 
nace mamtamed The actual plowing operation requires about 20 min (2) As 
ordmarily operated i e , passing the feed count ereurrently with the furnace gases, 
considerable trouble was evpenenced w ith the large amount of flue dust that passed 
over with the fume and required re-treatment The ore now is passed concurrentlj 
with the gases and consequentlj is fed at once into the hottest part of the furnace, 
the quick heating softens the ore so that there is almost no dustmg The volatiliza 
tion is about the same and the fume carries only about 15 per cent sdica The 
accretions occur also near the end of the furnace, where thej can be removed more 
eastlj The advantage of getting the ore feed quicklj mto the hottest zone of the 
furnace was observed by Croasdale and bj all subsequent investigators of chloride 
volatilization The 1\ estern Metallurgical Co ob'served certain advantages m pass- 
ing the ore feed concurrently vs ith the gases (see preceding section on chloride volatih 
zation) 

The Waelz process is an outstandmg ovide \ olatdization process, but this is treated 
at length m the chapter on zinc The methods of makmg zinc oxide and leaded zme 
oxide are also oxide-\ olatdization processes The Schwarz oxide-volatdization process 
demands some notice Alfred Schwarz discovered that if a sulphide ore were ground 
to about 20 nie«h with about 50 per cent of powdered coal, and the product mixed 
with about *3 per cent of its weight of starch, glue, or other similar binder m a 1 per 
cent solution, together with about half the weight of the w eight of the ore m fine cmder 
from prevuous runs, the mix ignited readily on a perforated grate and was porous 
enough to burn readdj , with almost complete volatdization of zme, lead, and silver 
If the ore was a pure blende, the product (zme oxide) w as of fair color, but requued 
roasting to free it from mechanically held sulphur dioxide Before the great improve- 
ments in flotation, the author felt the process had a field as a pyro-concentration 
process, giving an almost pure lead zmc-silvcr oxide product (arsenic and antimony 
of course were w ith the volatilized portion) and a residue containmg copper and gold 
C A H de Saulles about the same time that Schwarz was working (1921) patented a 
process for feedmg a mixture of ore and reducing agent on to a bath of molten slag, 
the zme and lead reduemg volatilizing, and then reoxidizmg above the charge, while 
all nonvolatile constituents went mto the slag (iT S patent 1712553) 

A plant 13 understood to be under construction m Bohvia (1943) from designs by 
U C Tamton, in which tm ores are to be burned with carbon and pyrite on a grate, 
the tm bemg hrst sulphidized and volatilized, then burned above the charge to SnO» 
and SOfc, the tin oxide hemg, swejjt out. aini Thn, thnu^ht la to effect a 

pyro-concentration of the tin 

Volatihzahon Processes for the Production of Aluminum Chloride and Alununiuu- 
Alummiun vras first commercially produced by the Deville process or its modifies'* 
tions The process consisted of heating alumma and carbon m a retort m an atmos 
phere of chlormc gas Aluminum chloride volatilized and was recovered by 
condensation In later practice, salt was added to theretortand the double chlorideof 
sodium and alummum was formed and recovered m the same manner Aletalhc 
aluminum was produced by reduction of this salt w ith metallic sodium This process 
was abandoned a number of years ago as a source of alummum, but anhjdrous alumi- 
num chloride has assumed considerable importance m the petroleum mdustrj 

Smee most of the methods for produemg alummum chloride mvolve the use o 
chlorme gas m conjunction with volatilization, the subject will be discussed more 
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fully under Dry Chlorine-gas Processes (next page). There are, however, several 
methods proposed which are strictly volatilization processes. One is that of Booth 
and Marshall,! in which aluminum silicate (clay or feldspar) or aluminum sulphate 
(alunite) is mixed with calci\im or magnesium chloride and heated in an electric 
furnace to a temperature of 1300^0, An alkaline-earth silicate is formed, and 
aluminum chloride is recovered by volatilization and condensation. 

Another method is proposed by Burgess.^ He mixes aluminum carbide vrith an 
anhydrous chloride of an element below aluminum in the electrochemical series and 
ignites the mixture. The reaction begins at 380°C. and is exothermic. The alumi- 
num chloride volatilizes and is recovered by condensation. Lead chloride and silicon 
tetrachloride are suggested as the cheapest chloridizing agents for the aluminum 
carbide. 

Bavner and Goldschmidt ^ propose using minerals of the feldspar group as a source 
of alumina, because they contain 25 to 36 per cent alumina and very little iron. 
When mixed with carbon they will react to form aluminum chloride in the same 
manner that pure alumina and carbon react, and at the same temperatures. 

Wolcott^ proposes using oil shale, bituminous shale, and bone coal as raw materials 
for the production of aluminum chloride since the reducing agent and the aluminif- 
erous material are already most intimately blended and ready to react. The only 
difficulty is that the alumina and the carbon seldom exist in the proper proportions, 
but, with low-grade coals, the excess of carbon is utilized as fuel for the process. This 
material is roasted with salt, and the aluminum chloride is volatilized and recovered 
as fume. 


WET CHLORINE-GAS PROCESSES 

The Plattner process was in constant use, since it was first proposed by Plattner 
in 1851, until about 1916. It is applicable only for the recovery of gold, and for a 
long time it was used principally for the treatment of concentrates from free-milling 
ores. The operations were, therefore, conducted on a small scale. The pyritic con- 
centrates were roasted '*dead** in a hand reverberatory furnace and then placed in a 
vat and leached with water saturated with chlorine gas. Owing to the difficulty in 
handling chlorine gas in this manner, the vat was replaced by a lead-lined iron barrel 
having a capacity of about 1 ton of ore. Water, bleaching powder, and sulphuric 
acid were added to the ore in the barrel in such proportions as to form a thin pulp and 
to generate a slight gas pressure when the barrel was sealed and the charge agitated. 
The chlorination of the gold was completed after the barrel had been revolved for a 
few liours. The charge was then dumped into an open vat provided with a sand filter, 
and washed with water. The gold was precipitated by ferrous sulphate, collected, and 
melted into bullion. 

In 1894 the process was first applied to crude ores from Cripple Creek, Colo. 
There was no change in the process except to conduct it on a larger scale. The ore 
was crushed to pass a 12-mesh or 1.5-mm. screen and roasted in a mechanical furnace. 
The lead-lined chlorination barrels were enlarged to 10 tons capacity and were pro- 
vided with perforated lead filters inside. The chlorination was done under pressure 
with bleaching powder and acid as before; 12 lb. of bleaching powder and 24 lb. of 
acid were required per ton of ore. The barrels were revolved 2 or 3 hr. and then 
stopped with the filter at the bottom. A valve was opened under the filter, and the 
leaching and washing were done in the barrel. The tailings were discharged directly 

> U. S. pMonla 1392043 to 1392040, Sept. 27. 1921, H. S. Booth and G. G. Mahshalu 
S. patent 1321281, Louis Bunouss, Nov, 11, 1919. 

* U. S. patent 1302852, May 6, 1919, Osytein IlA\Ta:n and Victor M, Goldschmidt. 

• EncViah patent 1C0759; Canadian patent 217051 ; U. S. patent pending. E. R. Wolcott. 
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from the barrel to the dump In some instances the gold was precipitated from 
solution by filtering through charcoal After a certain tune the charcoal was burned 
and the gold bearing ashes melted mto bullion Generally, the gold was precipitated 
bj means of sulpburcted hydrogen and melted into buUion bj fluxing this precipitate 
In later practice on Cnpple Creek ores, the chlorine was generated by the elcctroljBia 
of salt and n as absorbed by water as it passed through scrubbing towers 30 m m 
diameter and 30 ft high, made of ordmary glazed sewer pipe Prom the toners the 
saturated solution of gas was pumped into lead lined storage tanks and then run into 
the chlorination barrels as needed The agitation of the charge produced suflTcient 
gas pressure The rest of the process remamed the same as before 

The treatment of Cnpple Creek ores by this process contmued until 1911 chen it 
was finally supplanted by the cyanide process Durmg its operation 2 046 223 tons 
of ore were treated at an average cost of $2 34 per ton The tailmgs averaged 0 0C3 
oz per ton and the average recovery of gold was 93 23 per cent 

A few chlorination plants continued to treat pyritic concentrates in California up 
to the time of the First World It ar, but this marked the close of the chlormalion 
process m the United States and it is doubtful if it will ever be revived It is not 
adapted to ores contammg any free basic gangue, owmg to the excessive consumption 
of chlorme It has been replaced generally by the cheaper and more adaptable 
ejanide process 

Vanadium Ores — Earl 3 jn 1924, Dr Saklatwalla while research chemist for the 
\ anadium Corp of America developed a process for the extraction of vanadium and 
some of the rarer metals from vanadium ores by the use of chlorme gas in. cold solution, 
but the ores that are bemg treated today are too low grade for this purpose 
DRY CHLORINE-GAS PROCESSES 

Chlorine Production — With the development of electrolytic processes for the 
production of caustic soda and chlorme from salt, and w ith modern methods for dr} 
lug luiuefymg and transporting chlorme m a hquid state, this element has become 
a cheap commodity available for many uses and capable of considerable develop 
ment metallurgically The actual contmuous workmg capacity for chlorme produc 
tion m the United States at the present time is about 2800 tons per day, which does 
not include the chlorme made and used m the same plant 

Malm Process for Complex Ores ’ — ^This process was a development of the Baker 
Borwell process described on page 522 for low grade complex sulphide ores The ore 
was crushed on the average to pass a 0 75 mm screen The dry ore was fed mto a 
tube mill countercurrently with a stream of dry chlorme gas The tube mill was 
divided into three compartments and was not Imed No gnndmg was done in the 
tube mill but a few pebbles were added to keep Ibe charge from fonnmg mto lumps 
Most of the chlormation was done m the compartment at the discharge end where the 
chlorme gas entered The central compartment was arranged so as to be heated on 
the outside of the shell if necessary to start chemical action or to keep chemical action 
alive if the ore contains little sulphur The temperature m the the tube mill w as kept 
near 70*C , which was still lower than that used in the Baker Burweli process About 
60 per cent of the chlorination was done in the tube mill or enough chlorme was 
admitted here to chlondize all the recoverable metals If complete chlorination wraa 
attempted m the tube mill, the temperature of the charge had to be raised above the 
melting pomt of the free sulphur present and the charge became sticky 
The chemical reactions may be simply expressed by the equation 
NS + Cl, = \C1, + S 

• roviDBB 5 K The Dry Chlorbation of Complex Ores Mintnii Sci Preit M«y 27 1916 pp 7*1 
787 
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Very little sulphur chloride was formed, and if the charge was kept free from moisture 
no hj-'drochloric acid was formed. The ore discharged from the tube mill into a multi- 
ple-hearth furnace, where the temperature was raised by direct firing but was not 
allowed to go higher than 400®C. This decomposed the iron chlorides and converted 
most of the iron into the oxide. The chlorine liberated was absorbed by fresh sulphide 
ore, which was continually circulated on the two upper hearths of the furnace. The 
tube-mill discharge was delivered only on the four lower hearths where the chlorina- 
tion was completed. 

From the furnace, the chloridized ore was discharged into an agitator filter, where 
it was first washed with mill solution which contained the soluble metallic chlorides 
from previous charges. These were principally chlorides of iron, zinc, and copper. 
This mill solution dissolved all the metallic chlorides, except the lead chloride and 
sulphate. The mill solution was followed by a wash of steam, which cleaned the 
charge of soluble metallic chlorides with a minimum amount of water. The wash 
waters went to storage to build up new mill solution. The ore was then leached with a 
hot saturated solution of common salt which dissolved the lead salts. This solution 
was conveyed to a separate tank, where it was allowed to cool and the lead chloride 
crystallized out. The lead chloride was collected, fused, and electrolj^zed for the 
recover^’’ of lead and chlorine. The anodes were graphite and the cathodes molten 
lead, which was tapped periodically from the cell. The chlorine was returned to the 
circuit. 

When the mill solution became saturated with soluble metallic chlorides, it was 
treated with metallic lead to precipitate the gold, silver, and copper; then with zinc 
to precipitate any lead that may have gone into solution ; and then with zinc oxide 
(obtained by roasting high-grade ore) to precipitate all the iron, manganese, and other 
impurities. This left a commercially pure solution of zinc chloride. The precipi- 
tate was filtered off and the zinc chloride solution evaporated to a 70 per cent solution 
if the product desired was zinc chloride; and to dryness, if the process was carried on to 
the production of metallic zinc and the recovery of the chlorine. (If the product is 
sold as zinc chloride, the new chlorine supply must be generated by the electrolysis of 
salt solution. If the final product is metallic zinc, the anhydrous chloride is fused and 
electrolyzed by using molten zinc as a cathode and graphite as an anode.) The zinc 
was tapped periodically and the chlorine returned to the circuit. The cells for the 
electrolysis of both lead and zinc were of the same pattern. They were made of 
concrete and lined with a special fire-clay tile. They gave entire satistaction under 
continuous operation. The evaporation of the zinc chloride solution, which has 
ahva 3 \s been troublesome not onl^^ from its corrosive qualities but from its tendency 
to form basic salts, was condxicted in a specially designed pan without difficulty from 
cither of these sources, 

Tlic recovery of nil metals by this process was said to average between 90 and 95 per 
cent. A pilot plant was constructed in Denver during 1924-1925 for the production 
of zinc chloride by this process. It is reported that this plant was operated contimi- 
oiislj' for several months with satisfactory metallurgical results, but no market could be 
found in that territory for the zinc chloride and the caustic soda produced; also, some 
difficulty was experienced in using the wet chlorine gas direct from the clcctrolj^tic 
cells. 

A plant using chlorine gas for the treatment of lead-zinc ores is reported to have 
been in commercial operation at Weston Point, England, in 1924^ and for some years 
thereafter. 


» I’oTTKn. .T, G., Complex I^ad-Zinc Ore.s to Be Treated by Chlorination and Elect rolj-sig, Eng, 
Minina Joar.-Press^ .A.pr. 19, 1921, p. C<10. 
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Detuming Processes — These may be summed up m the Goldschmidt process,* 
although there are several modifications and patents that are closely related They 
are all based on the fact that dry chlorine gas ivill attack tin, but will not attack iron 
to any appreciable extent Therefore, if dry chlorine gas is earned over and through 
tm scrap, the chlorme and the tm combine, with the evolution of considerable heat, 
formmg tin tetrachloride, which is a heavy fummg liquid and drops off the scrap The 
tin scrap must be absolutely dry and free from all organic substances, paper, lacquer, 
etc It IS not only necessary to remove all moisture, but also aO substances that can 
produce or attract moisture in order to prevent corrosion of the iron which would 
make it unmarketable The tm scrap is compressed into bundles and placed into 
cylinders which are then closed Chlorine gas is mtroduced at a pressure of several 
atmospheres As the tm chloride is formed the pressure drops As soon as the 
pressure remams constant, the detinnmg is complete Artificial coohng must be 
provided to prevent overheatmg 

The chlorine and the tm chloride are removed and the iron scrap bundles are 
carefully washed and sold to open hearth steel works The tin tetrachloride xvas 
formerly sold to the silk m ills for weightmg sUk In a modification* of this process the 
chlorine gas is dissolved m carbon tetrachloride and the tin scrap is placed m this 
solution, which dissolves the tm tetrachloride as rapidly as it is formed and is thus 
withdrawn from the scrap In another process* the scrap is heated with sand until 
the tin becomes brittle at temperature near the meltmg point The mixture is then 
tumbled in a barrel until the tm is completely removed from the iron The sand and 
the tm a^e screened from the scrap and are treated with dry chlorme gas m a closed 
vessel at a temperature that will volatilize and distill off the stannic chloride A small 
plant near London used this process for a tune 

Miscellaneous Processes — The use of chlorme to form alummum chloride is 
noted below at length In the chapter on magnesium, the large-scale formation of 
magnesium chloride has been described The use of fused chloride baths for the 
production of barium, strontium, calcium and lithium is an important factor m their 
metallurgy Beryllium chlonde has been used for the production of berylhmn, but 
the fluoride seems to be more favored 

Aluminum Chlonde Processes —Anhydrous alummum chloride possesses 
remarkable properties as a catalyst or reagent for the treatment of petroleum accord- 
ing to the Fnedel & Crafts reaction (1) It converts all unsaturated compounds 
mto saturated compounds by throwing out the excess of carbon m the unsaturated 
hydrocarbons In this manner it converts unstable oils from asphalt-base petroleums 
into stable products of good odor and color similar to the paraffin base petroleums 
(2) By simply boihng the heavier petroleum oils with anhydrous alummum chloride 
at atmospheric pressure, these oils are cracked and 60 to 85 per cent of the heavy oil 
13 converted mto low boiling fractions, leaving a residue of coke, or, if the distillation 
13 stopped at the proper time, 60 per cent of the low -boiling fractions is produced 
leavmg 20 to 25 per cent of good lubneatmg stock (3) It complete!} desulphurizes 
the petroleum durmg refining 

The value of this reagent in the petroleum industry is so pronounced that over 
700 patents have already been issued covering processes for its production and 
practically all the oil companies at one time or another have been engaged in research 
work relative to its commercial application 

•Goldbchmiot Kabl. The Detioning Industry ElejlroeAeni. ilfel ftid (now CAem. 

7 pp 78-81 Feb 1909 

*U S patent 943980 Mu&hat and Fkskbbrgeb 1909 

»U 8 patent 958877 C J Riac 1910 
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Aluminum chloride is a white crystalline solid which volatilizes without fusing 
between 181 and 195®C. It is extremely hygroscopic and absorbs moisture from the 
air to form aluminum oxide and lo^drochloric acid. This easy decomposition seriously 
interferes with its action as a catalj^zer; it also produces transportation and storage 
problems on account of the difficulty of securing suitable moisture-proof containers. 

The methods proposed for the manufacture of anhydrous aluminum chloride may 
be grouped under the following headings (reference to the technical paper quoted or to 
the original patents must be made for the details of these processes): (1) dry chlorine 
gas acting on aluminum metal; (2) dr^’' hydrochloric acid gas acting on aluminum 
metal; (3) chlorine gas acting on mixtures of aluminiferous and carbonaceous mate- 
rials; (4) chlorine gas or hj'drogen chloride acting on aluminum carbide; (5) chlorine 
gas acting on aluminum nitride; (6) chlorine gas and carbon disulphide vapor acting 
on aluminiferous materials; (7) chlorine compounds of carbon acting on aluminif- 
erous materials; (8) chlorine compounds of sulphur or arsenic acting on aluminiferous 
materials; (9) dry lead chloride reacting with aluminum metal or with aluminum 
carbide; (10) anhydrous calcium chloride reacting with aluminiferous materials; (11) 
aluminum chloride solutions prepared b 3 ’' anj’’ wet method, then evaporated and 
the crystals dehj^drated. 

The use of chlorine in refining metallic gold is described in the chapter on gold and 
silver refining. A stream of clilorine bubbled through molten aluminum is used in 
the aluminum-casting industry’* to keep the metal pure and to afford a protection 
against oxygen. 

Nickel and Cobalt Ore. — Chlorine has been successfullj^ applied in the laboratory 
to the recovery of nickel and cobalt from arsenical ores.^ The Diehl process for 
treatment of nickel ores containing large amounts of magnesia and lime is interesting 
clicmicallj^, and suggestive of how basic ores maj’^ be leached. The ore, moistened 
with h^'^drochloric acid, is tube-milled at about 500°F. in an atmosphere of hydro- 
chloric acid gas and then sent to a leaching tank with water. This water will take out 
practical!}^ nothing but a calcium-magnesium chloride solution, which is evapo- 
rated and treated with sulphuric acid to regenerate hydrochloric acid gas or is evapo- 
rated to hy’drolj^zc the chlorides. The ore after leaching with water is leached again 
with hj^dro chloric acid, which then dissolves the nickel. 

Cuban ore treatment with h^^drochloric acid lor the recovery^ of nickel and cobalt 
was devised by W. G. Hubler and F. 11. Archibald. The ore is leached with hj’dro- 
chloric acid (4 to 20 per cent in strength) until the free acid is less than 7 per cent. 
The solution is then filtered off and precipitated with magnesia. Iron and aluminum 
come down first, then nickel and cobalt. The magnesium chloride solution is then 
evaporated and the chloride hj'drolyzcd, thus recovering the magnesia and acid. 

Electrolytic iron was produced with a chloride electroljdc for a time by the Electro- 
lytic Iron Co. of America. The iron had the advantage of being sulphur-free. The 
process used scrap iron as a base, with carbon anodes, and rotating mandrels as 
cathodes. Pregnant ferrous chloride solution was fed into the cathode cell and ferric 
chloride solution withdrawn from the anode compartment, a sheet-asbestos diaphragm 
separating the two. This ferric chloride solution was then used as a solvent for the 
scrap iron. Some unascertained impurity was evidently picked up from it, for with 
old electrolytes the deposit would split and the revolving pieces cut the diaphragms. 

* nuALUr.n, op. ai., p. 849 . 
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CHROMIUM 

Br Enoch Perkins* 

Physical Constants * — According to Beckett 1], differences in puntj and in the 
elements making up the impurities in chromium have m the past resulted in dis- 
crepancies m its physical constants, but -nith the production of electrolytic chromnan 
more accurate figures ba;e been possible Constants for pure chromium are gi\en 
hj Becket as follow s 

Atomic weight (accurate), 52 01 
Density, 7 I 

Melting point, probably most accurate figure, 1830®C 
Boilmg pomt (author believes this figure too low), 2200'’C 
Hardness cast chromium, Mohs' scale, 4 to 5 

Hardness cast chromium (commercial) Brinell number, 98 66 % Cr, 0 02C , 130 

Hardness cast electrolytic chromium, Brmell number (different observers), 90-115 

Hardness chromium plating, Mohs’ scale, 8-9 

Hardness chromnim plating, Brmell number, SOO-SOO 

Specific heat between 0 and lOO^C , 0 12 

Electrical resistivity , microhms per centimeter cube, 13 

Linear coefficient of thermal expansion, room temperature, 8 2 X 10~* 

Magnetic susceptibility, extremely feeble 
Crystal structure, body-centered cubic 

Chromite — ^Tbis mineral with a specific gravity of 4 4 and a 5 5 hardne^ is 
the source of all chromium products and is one of the most refractory substances 
known The theoretical formula for chromite is FeO CrjO,, though it does not 
appear as such m nature owing to replacement of FeO with. MgO or CriOt with 
AljOi or PcjO, Consequently, the formula could more practically be written 
(Fe,AIg)0 (Cr,Al,Fe)iOj The extent to which the various elements may replace 
one another m the mmeral cry’stal is evident when comparmg the theoretical and 
actual chromium-iron ratios for various chrome ores A pure chromite would contam 
68 per cent CriOi and 32 FeO, resulting in a chronuum iron ratio of 1 87 1 as against 
the actual chromium iron ratios in chrome ores, which vary from less than 1 I to a" 
mueb as 4 1 

Grades of Chrome Ore — For the needs of industry , chrome ore is classified info 
three mam categories metallurgical refractory , and chemical 

MtlttUurfftcal Chrome Ore — There are two quabties of metallurgical chrome ores 
those suitable for low carbon ferrochrome and those suitable for high carbon ferro- 
ebrome manufacture The manufacturers of high carbon ferrochrome prefer an ore 
runnmg 48 per cent CrjOi or better, with a chromium iron ratio of at least 3 1 
Silica 13 undesirable, and some producers are reluctant to use an ore whose combined, 
magnesia and alumina content is in excess of 25 per cent The ore should be lumpy , 

• Vice-president Mutual Chemical Co of America New York . 

• Referencea in this chapter are to aimilarly numbered references in the Bibliography •* the el<»« *' 
the chapter 
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with not more than 15 per cent going through a screen. Massive ore resistant 
to attrition is very desirable. 

Chrome ore fines or concentrates may be used as part of the raw material in the 
manufacture of low-carbon ferrochrome^ but if the material consists of screenings it 
is often washed in order to remove tramp wood, since carbon is undesirable in this 
process. Likewise, acid-washed chrome ore with a high carbon content is disad- 
vantageous in certain processes. The ore should run at least 48 per cent CrgOs with 
a chromium-iron ratio preferably in excess of 3:1. 

Refractory Ore . — The physical make-up of chrome ore for refractory use is of great 
importance. A hard massive ore is preferred, and concentrates are less desirable 
for some refractory purposes than fines secured from grinding lump. The ore should 
be uniform in CrzOs content, particularly when used as lump in the maintenance of 
open-hearth furnaces in the steel industry. A high CrjOj content is less important 
than in the case of metallurgical ores. High alumina and magnesia and low silica 
and iron contents are specified. 

Standard refractory ores usually carry approximately 33 per cent Cr203, 30 per cent 
AI2O3, 17 per cent MgO, and 10 per cent iron, with the sUica as low as 2 per cent. 

Chemical Ore . — The determining factor in classifying chrome ores for use in the 
manufacture of chromium chemicals is the cost per unit of CrjOs rather than analysis 
or physical make-up. High-grade ores which provide some unit increase in output arc 
consumed in the chemical industry only provided the cost per imit of Cr203 is con- 
sistent with lower grade competitive ores. While ores running 48 per cent Cr203 
or better have been consumed in considerable quantities in the chemical industry, 
the most important chemical ore originates from the Transvaal, analyzing 44 per cent 
CrsOa, with a chromium-iron ratio in the neighborhood of 1.6:1, 4 per cent silica, 
15 per cent alumina, and 9 per cent MgO. High silica is a disadvantage, as are iron 
and alumina, but to a lesser degree. The ore is usually in the form of run-of-minc 
fines with only occasional lumps. 

Chromium Metal. — Chromium metal may be produced in commercial quantities 
by the Goldschmidt process, electric-furnace process, or elcctrolytically. The Gold- 
schmidt process is based on an aluminothermic reaction 'which, once xmder W’ay, 
continues as exothermic. Chromium is added to the mix in the form of chrome-oxide 
green carrying in excess of 99 per cent Cr203 vdth not more than 0.003 sulphur. The 
reduction is brought about through the addition of aluminum powder, producing a 
chromium metal analyzing approximately as follows: Cr, 98 to 99 per cent; Fe, 0.3 to 
0.5; Al, 0.3 to 0.5; Si, 0.3 to 0.5; C, 0.05. Chromium metal is manufactured in the 
electric furnace using either chrome ore, chromium chemicals, or a mixture thereof, 
with silicon as the reducing agent. Various grades of metal arc produced, with the 
chromium content as high as 97 to 98 per cent and a maximum of 1 per cent iron and 
less than 0.20 carbon. Other grades are available carrying 87 to 90 per cent Cr, 
1.25 iron, and 9 to 11 carbon. 

Chromium metal is used in the manufacture of chromium bronzes, special aIlo3’’s 
for tools, corrosion-resisting alloj^s, vacuum tubes, and certain alloys making up 
electric resistances. 

Chromium-nickel Alloys. — ^Nonferrous alloy’s containing approximatel3’' 80 Cr: 
20Ni are used in the manufacture of resistor elements for electric ranges, electric 
heaters, electric furnaces, and in other applications for resistors that must operate at 
high temperatures. The alloN’s are resistant to corrosion and ma3^ be obtained in the 
form of wire strips or ribbons. 

TOiere the temperature of the elements docs not exceed 1700°F,, nickel-chromium- 
iron allo3’s containing approximate^" 60 per cent nickel and 1 5 per cent chromium find 
use. Where the temperature docs not exceed 1200^F., a nickcl-chromium-iron alloy 
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contaiiung approximately 35 per cent nickel and 18 per cen* chromium has been 
applied Temperature-resistance curves of the above alloys may be seen in Fig 1 
Hastelloy — Kastelloy C is a mckcl tungsten-molybdenum chromium iron alloj , 
contammg a maximum of 20 per cent Mo, 18 Cr, 6 W, 7 Fe, -with the balance nickel, 
which finds use m withstandmg strong acid oxidizing agents including nitric acid, 
aqueous solutions of chlorine, free chlorine, acetic, formic, and sulphurous acids It 
also resists the oxidizmg action of ferric or cupric salts 



Fio 1 — ^Temperatuxe-TesistancB curve Chromel A BhoTnng eSect of slo-w aadT&pid cooling 


The forms of Hastelloj available include castmgs, rolled sheet and plate, welded 
tubmg and n elding rod either for oxj acetylene or electric welding The alloy cannot 
be worked either hot or cold, but castmgs are machinable at moderate speed The 
characteristics of this alloy are listed below 



Rolled and 
annealed 

Cast 

Ultimate tensile strength per sq in 

115,000-128 000 

72,000-80,000 

Yield strength per sq m 

55,000'65,000 

45,000-48 000 

Per cent elongation m 2 m 

25-50 

10-15 

Reduction m area 


11-16 

Hardness, Brmell, 3000 kg 

160-210 

175-215 

Impact Izod, ft -lb 

34-40 

9-14 


Stellite — Stellite is a cobalt-chromium tungsten alJoj supplied in five grades 
Stellite Alloy No 93 vs a high-chTomium cobalt ferrous alloy containing chroTOi im 
cobalt, molybdenum, vanadium, and iron, which finds application where high cold 
hardness is necessary and corrosion la not an important factor 

In hand forming the Stellite may be applied by cither ox> acetylene or electric arc 
weldmg Both bare and flux coated rods are available for oxyacetylene and arc 
welding 

The use of hard facing Stellite covers many varied industrial fields wherever near 
IS severe, such as muimg, cement manufacture, automotive aviation excavation, 
maehmery and equipment, and the iron and steel, lumber, and paper industries 
Stellite ui the form of high speed cutting tools is emplojed in mass-production 
machining operations such as turning milbng boring and facing 

Chromium Steels — The addition of chromium even in small amounts to steel 
subjected to heat-treatment results m greater hardness and tensile strength with 
httle loss m ductility In addition, a greater depth of bardenmg can be obtamed 
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which is takca advantage of in the manufacture of armor plate and armor-piercing 
projectiles. 

High-nitrogen ferrochromium is used in the manufacture of steels containing as 
much as 20 per cent chromium for reducing grain size and improving the physical 
properties. Chromium is also used for increasing the strength and hardness of cast 
iron. 

Chromium is introduced into chrome steels in the form of ferrochromium, 
Chrom-X, or through the direct-reduction process. High-carbon ferrochromium 
is usually manufactured jn a single-phase non tilling electric furnace with the elec- 
trodes submerged to as much as 2 ft. in the charge. The furnace burden consists of 
lumpy chrome ore, coal or coke, lime and fluorspar. The reaction is vigorous, most 
of the reduction occurring in the higher temperatures around the electrodes so that 
liunpy chrome ore is necessary in order to provide better heat distribution and avoid 
chimneying. 

The power consumption in the manufacture of high-carbon ferrochromium is in 
the neighborhood of 3 kw.-hr. per lb. of chromium contained in the alloy, and the 
electrode consumption is 60 to 70 lb. per ton of alloy. Linings last 1 to 3 years with- 
out repair. Metallurgical efficiencies range between 80 and 85 per cent, so that 
approximately 234 tons of 48 per cent chrome ore is required per ton of ferrochromium. 
The various grades of high-carbon ferrochromium carry between 66 and 70 per cent 
chromium, usually 66 to 68 per cent, with the carbon varying between 4 and 6 per 
cent. In addition, other grades of high-carbon ferrochromium are available for special 
uses wdicre the carbon content runs as high as 10 per cent. 

High-carbon ferrochromium is employed in the manufacture of armor plate, 
armor-piercing projectiles, gun barrels, piston rings, ball bearings, tool steels, and 
various other grades of chromium steel. 

A process for the manufacture of low-carbon ferrochromium which has been 
practiced in this country for manj'' years is a two-stage procedure. In the first stage 
chrome ore, usually fines, is mixed with quartzite, lime, and carbon to produce a 
chromium silicide low in carbon. The second step consists of adding kunpy chrome 
ore to the chromium silicide as a furnace burden whereby the chrome ore is reduced 
\ry the siYicidc to produce high-grade low-carhon ferrochromium. Other methods of 
low-carbon ferrochromium manufacture include a three-stage process in which a 
high-carbon ferrochromium is produced in the first stage and used as a raw material 
in the second stage for the production of chromium silicide. The third stage is the 
dcsiliconizing process as outlined in the above. Variations of the process include the 
manufacture of a chromium silicide containing approximately 40 per cent silicon. 
Chrome ore with lime is melted in the second furnace and the molten products mixed 
in a ladle. Approximately 5000 kw.-hr. is required per ton of chromium silicide and 
1100 kw.-hr. for melting a ton of chrome ore. Approximately^ 1 ton of chrome ore is 
necessary per ton of chromium silicide, and the total power required is in the neigh- 
borhood of 6200 kw.-hr. per ton of ferrochromium. The electrode consumption ranges 
between 85 and 95 lb. per ton of ferrochromium. The chromium content of low- 
carbon ferrochromium ranges between 68 and 72 per cent with the carbon varying 
between 0.06 and 0.2 per cent maximum. 

The principal use for low-carbon ferrochromium is in the manufacture of 18-8 
low-carbon stainless steels of both the chromium and chromium-nickel tyqDCs, The 
industries in which steels alloyed with low-carbon ferrochromium are utilized include 
the manufacture of turbine blades, cutlery, corrosion-resisting steels, decorative trim, 
acid-resisting metals, and electrical resistances. 

Chroiii^X . — The material known to the trade as Chrom-X is generally used as a 
ladle addition in the manufactme of low-alloy steels and iron. Two grades are manu- 
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factured — hsgh carbon and lo^v-carbon In addition to tlicir use in tlie hdlc, some 
grades can be used m the furnace or cupola The matcrnl consists of a mtxtarc 
of low-grade fcrrochrommm produced bj direct reduction of low grade ores with 
carbon, after which the ferrochromium is crushed and blended w ith ferrosilicon mixed 
with sodium nitrate and pressed into briquettes wnich are heated to a temperature 
just above the melting pomt o( sodium nitrate The nitrate forms a bond between 
particles and later supplies the ox j gen for oxidation of the silicon and part of the 
carbon The oxidation reactions are said to supply suTicient heat to melt the ferro- 
chromium so that objections to the use of low grade fcrrocliromium are thus elim 
mated lypical nualjscs of high carbon and low larbon Cbrom X are given below 


High i.arbou ( hroju \ 

j lA»w-<itr>)(>n Ihron \ 

Cr 

4C 5% 

f r 

47 9% 

re 

29 0% 

Ic 

33 0% 

c 

7 2% 

C 

0 02-0 06''(, 

Si 

5 6% 

Si 1 

5 5% 

NaNO, 

11 7% 

NaNO, 

13 0% 


Direct Iteduction Process of Chromium Steel ^^antlfacture — An appreciable pro- 
portion of the stainless steel produced in the United States is manufactured bj direct 
reduction process in the electric furnace with a burden consisting of chrome ore, 
Btamlesa steel scrap, nschel scrap, carbon steel turnings or mill scale, ferrosihcon, and 
lime 

Ckromtum and Stainless Steels — There arc litcrallj hundreds of different tsTics of 
steels containing chromium, either w ith or without other alloj ing elements, which may 
be roughly grouped into three classifications (1) low-alloy steels containmg not 
more than 4 per cent chromium, (2) low alloy steels containing not more than 4 to 
11 per cent chromium, (3) chromium steels containmg over 11 per cent cliromium 

The chromium steels contaming 1 to 4 per cent chromium find appbcation where 
exceptional strength, hardness, and resistance to abrasion are of benefit such as in the 
manufacture of ball and roller bearings, car axles, grinding balls, and small metal 
workmg tools Steel containmg over 10 per cent chromium finds use m the manu 
facture of valves for mternal combustion engines, still tubes, high temperature chem 
ical equipment, and other uses where resistance to oxidation at high temperatures is 
present 

Stamless steels containmg over 10 per cent chromium with or without to 
25 per cent nickel and other elements in mmor proportions possess, as well as an 
attractuo finish, great corrosion resistance at high temperatures, high strength wilh 
high ductility and amenability to welding, drawing, or stampmg, and have adequate 
machining properties — all of which render these grades of chromium steel of such 
importance that m the manufacture of stainless steel approximately 50 per cent of the 
total ferrochromium production m the United States is consumed therem 

Stainless steels find use m the aircraft industry, m the manufacture of ailerons 
anchors elevators, exhaust valves, struts and other structural uses mslrument parts, 
pontoons, and oil coolers The buildmg industry in normal times consumes stainless 
steels in elevator cages, exposed trim on doors, wmdow frames and decorations, safety 
deposit boxes, lightmg fixtures, name plates, kitchen plumbing kitchen utensils and 
in many other varied uses 

The automotive mdiistry uses stainless steel m the manufacture of carburetor 
parts, exhaust valves, and diesel engine liners, butterfly valves, gasolme engine pump 
parts, wnter pumps radiator trim, and many other item" 
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The chemical industry" consumes considerable quantities of stainless steel where 
corrosion conditions exist, particularly at high temperatures as in nitric acid and 
ammonia plants. The brewing, wine-making, food-packing, and canning industries 
are also users of stainless steel. Typical analysis of one type of stainless steel is 
given in the following; Cr, 17.5 to 20 per cent; Ni, 8 to 10; C, 0.08 to 0.20, Mn, 1.25; 
S and P, 0.03 maximum; Si, 0.75 per cent -maximum. 

Chromium Chemicals. — The principal chromium chemicals are sodium bichromate, 
sodium chromate, potassium bichromate, potassium chromate, and chromic acid. 

The manufacture of sodium chromate, the first stage in the production of the other 
principal cliroinium chemicals, is carried out by roasting a mixture of pulverized 
chrome ore, soda ash, and lime in an oxidizing atmosphere in accordance with the 
following reaction, the lime serving to avoid fusion of the mix: 

2 FeCr 204 + 4Na2C03 4" — PcaOs "b 4:Na2Cr04 4~ 4 CO 2 


The calcine is leached with hot water and the liquor concentrated, from which 
the sodium chromate may be separated directly by crystallization. However, the 
solution is usualb" treated with H2SO4 and, after separation of the sodium sulphate so 
formed, is further concentrated to obtain bichromate of soda, whicli is the most 
widely used of all the chromium chemicals. 

Typical analyses of the principal chromium chemicals are given below: 

Sodhm bichromate (sodium dichrornate), Na2Cr207.2H20; molecular weight, 
298.05. 

Analyses 



Technical 

crystal 



70% 

solution 

Nn-.Cr.07.2H.0 

100.1% 

0.05% 

0.15% 

3.8 

100.2% 

0.05% 

0.15% 

3.8 

113.4% 

0.05% 

0.18% 

4.1 

m 

Chloride as Cl 

Sulphate as SO4 

pH at 400 g. per 1 1 



Sodium chrotnaic (chromate of soda anhydrous), jL\a2Cr04; molecular weight, 
1G2.00. 


Analysts (Technical Ghabe) 


XasCrO^ 99.0% 

Chloride as Cl 0.01 % 

Sulphate as S04 0.54% 

pH at 200 g. per 1 8.7 


Potassium bichromate {potassium dtcliromalc), K2Cr204; molecular weight, 294.21 


Anatases 



Technical 1 
crystal 

Technical , 
granular 

Technical 

powder 

KsCVsOj 

99.9% 

0.05% 

0.01% 

3.7 

99.9% 

0.05% 

0.01% 

.3 7 

99.9% 

0.05% 

Chloride as Cl 

Sulphate as SO . . 

pH at 100 g. per 1 . . 

v.uiYc 


0 • 1 

i ^ • 


Pofaismim chromate (chromate of potash). K-CrO^; molecular weight, 19k20. 
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nonferrous metalweqy 

Akai.ysi 3 (TtcnNiCAi Gr*de) 


KjCrO, 99 8% 

Chloride as Cl 0 05% 

Sulphate as SO* 0 10% 

pH at 200 g per 1 9 2 


QKroTMC acid (chromic anhjtlride), CrO(, molecular weight, 100 01 


Analysi 3 



Tcclmiral flake, % 1 

Teehnical powder, % 

CrO, 

99 8 

09 8 

Sulphates as SOi 

0 10 

0 10 

Insoluble 1 

0 01 1 

0 01 


Uses of Chromium Chemicals Sodiurti btc^romale enjojs a great lanetj of uses 
m a number of mdustnes One of the principal uses of sodium bichromate is in the 
chrome tanumg of leather whercbj the treatment of the hides with sodium bichromate 
provides better nearing qualities, more flcxibiht>, and greater resistance to heat 
and moisture than leathers treated by other methods Sodium bichromate Js al'<o 
employed m the tanning of glove leathers and the preparation of furs It W used 
m the textile industry as a mordant and also in the manufacture of djes Various 
cotton fabrics of the U S Arm> Quartermaster Corps are treated uith sodium 
bichromate, which is also used for the processing of loggings, tents, and aivnmgs for 
the U S Army II S military uniforms and filankcts arc treated with bichromate 
of soda, nnd dyes for produemg khaki contain this chemical 

Sodium bichromate bears a verj important part m the pigment industry Chrome 
oxide green manufactured from sodium bichromate is used for camoufiage Bombs, 
bomb trucks, and tractors arc painted v ith chrome jellow Chrome orange, a basic 
lead chromate, is used as a corrosion inhibitor 

Considerable quantities of sodium bichromate are consumed in producing films 
on magnesium alloys as well as m metal treatments, clean<fing, pickling, red dip for 
brass, tin platmg, and galvanizing 

Miscellaneous uses of sodium bichromate mclude the manufacture of wax and 
greases as well as various uses m the manufacture of airplanes, machine guns, and 
TS-mm guns Sodium bichromate !■* widelj used to inhibit corrosion in au-condition 
jng equipment, refrigeration brines, air nashers, coolers, condensers, autonjobde«, and 
diesel engme coolmg sj stems 

Sodtum chromate is employed where alkaline conditions are required It is 
used in refrigeration and automobile cooling systems as a protection against corrosion, 
and m the manufacture of pigments, textile finishes, photography, and the manu- 
facture of dyes Rocket grenades and tracer bullets also contam this chenucal 
Wood preservatives that are used for treating wood to be pamted also contam sodmm 
chromate 

Potassium bichromate may be substituted for sodium bichromate wherevet the 
presence of potassium is preferred to sodium It is the source of chrome in the mann 
facture of the double salt knoim as sine chromate which is being widely used as a 
pnmmg coat and protection against corrosion on steel surfaces exposed to the weather, 
includmg ships and steel structures 

Miscellaneous uses of potassium bichromate include photographic cheimea^> 
manufacture of blue prmt paper, brake linings, aluminum rivets, refining of tungsten 
and m specialized textile and leather hmshes mcludmg glazed kid and ceramic colors 
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Potassium chromate replaces sodium chromate where conditions require an anhy- 
drous nonhygroscopic alkaline compound or the absence of sodium, particularly in 
medicinal and proprietary preparations. It is used in the manufacture of inks, and 
as a chemical reagent, and in the manufacture of certain ceramic and glass colors 
owing to its ability to distribute more evenly than neutral chromate of soda. Potas- 
sium chromate is also used in the manufacture of flux and metal- coating compounds 
including welding electrodes. 

Ammonium bichromate has a place in photography, lithography, pyrotechnics, and 
the manufacture of certain oxidation and reduction catalysts. 

Chromic acid is consumed principally in chromium plating and anodizing of 
aluminum and aluminum alloys, particularly in the aircraft industry. It is also 
used in the treatment of metal surfaces including etching, coloring, decorating, and as 
a protection against corrosion. 

The mechanism of anodizing aluminum is a reverse process to that of electroplate 
ing, since contrary to the deposit occurring on the cathode, as in the case of electro- 
plating, the film is formed at the anode and progressive oxidation of the base metal 
takes place beneath the anodic film, growing inward so that the last portion to be 
formed is next to the metal while the oldest part of the film is on the surface. This 
film is almost pure amorphous alumina. 

Chromic acid anodizing is generally carried out in steel tanks containing chromic 
acid solution of 5 to 10 per cent concentration. Heating and cooling coils are pro- 
^’^dcd to maintain the temperature of the bath at 95°F. plus or minus o°. The portion 
to be treated is cleaned in a suitable alkaline detergent or solvent degreaser before 
introduction into the anodizing tank. These parts serve as the anode and the tank 
as the cathode. A low- voltage direct current is applied at the start, being gradually 
increased to 40 volts as rapidly as possible. After reaching 40 volts, the anodizing 
is continued for 30 min., followed by a dip in hot water, after which the parts are dried. 

The film has excellent corrosion resistance and at the same time promotes a strong 
bond for zinc chromate primer. Aluminum anodized by the chromic acid process 
may be dyed with a varietj’’ of colored finishes[3]. Since chromic acid is itself an 
inhibitor, it is unnecessary to remove entrapped acid in preparation of priming. As a 
result, the chromic-acid anodizing process is the only process that maybe used without 
restriction for all airplane parts made from alloys containing not more than 5 per cent 
copper, and considerable quantities of chromic acid are consumed for this purpose. 

Chromium Plating. — According to Dubpernell[10], H. Bunsen[ll] has often been 
credited with the electrodeposition of chromium in 1854, with the possibility that 
Junot[121 may have been successful as early as 1848. Many other prominent scien- 
tists worked on this problem, but none was commercially successful in the author’s 
opinion until 1924 when Fink[13] developed and patented a practical method for 
chromium plating on a commercial basis. A chromium-plating industry soon devel- 
oped using increasing araoimts of cliromic acid wliich amounted to a consumption of 
9,000,000 lb. in 1937. 

Chromium plating may be divided into two general classifications: decorative and 
industrial, or hard, chromium plating. 

Chromium plate in thin coatings finds widespread use as automobile trim, for 
jewelry, metal furniture, and other similar uses where its attractive blue-wliite color 
and resistance to wear and corrosion arc advantages. 

Thin chromium deposits are inclined to luve pinpoint porosity. For this reason, 
in decorative chromium plating, the chromium is deposited on an underlying coating 
of either nickel or nickel and copper. Tliis type of plating is usually carried out at 
tcmpcnitiircs of 90 to 110®F. Tlie thickness of the chromium plating for decorative 
purpo.ses is usually between 0.00001 and 0.00002 in. Thicker deposits under the usual 
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conditions for decorative plating develop strains sufficient to start hair-line cracks 
unless special precautions are taken Thicker deposits of chromium with little or no 
crackmg maj be obtained at 115 to HO^F if the current density is in the lower part 
of the current-density range for the conditions chosen [14] These higher tempera 
tures are also selected for greater speed m plating m mdustrial applications 

Thick coatings of chromium platmg, for convenience termed hard chrommm 
plating or industrial plating have found important places in many industries orn 
machine parts are plated to resue them, and small tools and gauges are plated to 
increase their life and wear resistance Chromium-plated surfaces have an exception- 
ally Ion coefficient of friction This characteristic is used to advantage in the chrom- 
ium plating of reciprocating parts such as pump rods, where the resistance of mdustrial 
chromium platmg to corrosion is of additional benefit 

Diesel engine cylinders are chromium plated to reduce wear and friction and to 
protect them against corrosion Gun barrels are chromium-plated to ensure accuracj 
o\ er long periods of use There are many other and varied uses wherein the hardness, 
corrosion resistance, and low coefficient of friction of hard chromium platmg have been 
made use of 

The platmg thickness is considerably greater than m the case of decorative plating, 
and where high resistance to corrosion is sought, relatively thick deposits of at least 
several thousandths of an mch are required[IO] 

Hard plating is usually applied to a hard basis metal such as hardened steel the 
surface of which has been treated by electrolytic etching in order to assure a high 
adherence of the platmg to the basis metal 

The source of chrommm m the electroplatmg solution 13 chromic acid {chromic 
anhydride CrOi) which ls manufactured in the form of dark red flakes or powder 
with a specific gravity of 2 70, a tniical analysis of which is seen on page 562 

The platmg solution according to the mventions of Dr C G Fmk consists of 
chromic acid to which n catalyst acid radical has been added, usually sulphate or 
fluondcs in an amount so as to rnaintam the ratio (by weight) of cbroimc and to the 
total catalyst acid radical as expressed as sulphate at about 100 1 Sulphuric acid 
and sodium sulphate are widely used for this purpose 

The current efficiency in chromium plating baths usually ranges between 10 and 
13 per cent for bright plate, but owmg to the relatively high current densities (100 
amp per sq ft and more) a rapid rate of deposition is obtained Anodes are usually 
of lead or lead alloys, and platmg tanks are usually acidproof brick or lead lined 
Two methods of preparing the surface for decorative plating are m use wet 
cleaning and dry cleaning The former consists of an alkahne cleanmg operation 
followed by a w ater rmse and an acid dip Dry cleaning mvolves mechanical treat 
ment of the surface to be plated and is done either by buff wheel or by hand The 
baths contam 2oO to 400 g per 1 of CrOj, 2 5 to 4 g of sulphuric acid 
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THE METALLURGY OF MANGANESE 

Bt Ebnest a Hersam^ 

Ditisioqs of Metallurgy of Manganese — The metallurgy of manganese becomes 
important under three separate interests of industry Of these, the manufacture of 
manganese steel is perhaps first, being conducted on the largest scale and requiring 
much of the manganese ore that is mined and which is smelted to reduce both roan 
ganese and iron The second branch of the metallurgy is the concentration of the 
native manganese oxides and other mmerals of manganese for use m the arts or 
further metallurgical manufacture, the enriched oxide being commonly useful as a 
coloring agent in the ceramic mdustry, as an agent to discharge the color imparted bj 
iron m glassmalong, as a depolarizing agent in the manulackure o! Leclanchfe and dry 
batteries, and for a wide variety of other but less important purposes The third 
important use for manganese ore is m the preparation of chemical compounds that 
are of important service m medicine, m the production of electrolytic mangane<e, 
sanitation, manufacture, and other varied interests The producer of manganese ore 
IS compelled to follow all these divisions of the metalUliEy to secure the proper market- 
ing of his product 

Of the three divisions of the metallurgy, the first leads to the detads of iron and 
steel manufacture, and is to be considered as a phase of the metallurgy of iron The 
second, or ore dressing of manganese, which is the mechanical treatment of the ore, is 
identical with the mechanical enrichment of many ores other than manganese In 
tins division, crushing, sizing, and concentrating am adapted commonly to roan 
ganese oxides, which are of moderately high density, and in some cases of considerable 
magnetic permeability Ore dressing is pouerless to separate minerals beyond the 
state of natural punty in which the aggregates occur in nature hen, therefore, 
manganese mmerals are mtimatcly associated with earthy minerals, or u ith oxide* 
of iron, infiltrated silica, or the carbonates of calcium or magnesium, no phjs cat sepx 
ration in the solid state is expected to render a satisfactory concentration possible 
Since this condition is a common one m the ore of this metal hand sorting often 1 j 
found to be the only treatment that is justified The chemical treatment of the ore 
to purify the mineral or extract and deposit the manganese m chemical forms that 
can be employed in manufacture and trade leads to complex chemical relationship* 
These have to be understood in a broad way to master or to conduct practically the 
chemical treatment The metallurgy of manganese, therefore, partly falls under 
this division 

The Commercial Production of Metal — The commercial production of metallic 
manganese from the ore requires reducing smeltmg or electrolytic deposition The 
reduction of the oxide to metal occurs at a roasting temperature without fusion, 
but the melting to produce metal of form suitable for most use demands coatly 
smelting furnaces and presents difficulties exceeding the common ones of smelting 
The manganese, upon smelting, is found highly volatile at the required tempera- 
ture A loss of 15 per cent from this cause is common experience The manganese 
oxide, moreover, inclines to enter the slag 
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It becomes necessary, therefore, to smelt the ore at a high temperature, maintain- 
ing a strong reducing action throughout the operation, if smelting is carried on in the 
blast furnace. Such reduction results in the reduction also of all the iron, which 
collects in the metallic product. Thus, though a high content of manganese may be 
desired, an alloy of manganese with iron is obtained, Silicon, also, becomes reduced 
along with manganese in smelting, the amount depending upon the amount present 
and upon the character of the slag. Carbon, moreover, is inseparable from the prod- 
uct under the reducing conditions, and is present in the metal to the extent of 5 to 
6 per cent. For these reasons it is not possible to smelt lean manganese ores with 
economy, nor, in fact, owing to the almost universal presence of iron and silica with 
manganese in ores, is it possible to produce pure manganese by commercial smelting. 
The best that can be done commercially is to produce a high-grade ferromanganese 
by the smelting. In smelting iron ore containing manganese to produce pig iron of 3 
to 4 per cent manganese, the large amount of slag commonly occasions a heavy loss, 
carrj'ing 3 per cent or more of manganese. This loss, together with the volatilization, 
makes it necessary to use ore of not less than some 9 per cent manganese to secure the 
recovery of this small amount of manganese in the product if desired. The produc- 
tion of a tolerably high-grade manganese product can thus be accomplished only 
by employing high-grade manganese ore and making provision in that case for receiv- 
ing in the metallic product the entire iron content of the ore, which must then be held 
low. These conditions thus render it necessary to enrich the manganese minerals 
by hand sorting, or other ore-dressing methods if possible, before smelting. This is 
often a most unsatisfactory process, o\ving to the close association of the manganese 
minerals with barren and harmful minerals, limiting the commercial practice to ore 
of high grade. Electrolytic treatment will be discussed later. 

Mechanical Enrichment. — An important part of the demand for manganese 
material is for the oxide or peroxide. From these oxides numerous refined chemi- 
cal compounds of a varied nature are manufactured. In the supply of the oxides 
or chemical compounds the manganese may be recovered from the ore by chemical 
extraction and converted into the required forms by subsequent manufacture. For 
the purpose of chemical extraction a low-grade ore is sometimes used, but wherever 
mechanical enrichment directly permits of producing the desired final material, as, 
for example, manganese dioxide, the ore-dressing methods are greatly preferred. 
Often the manganese mineral is so closely associated with insoluble silicates as to 
render it practically impossible to recover it, either by ore dressing or by the processes 
of chemical extraction. Sometimes it is harmfully associated wdth alkaline-earth 
minerals which arc soluble in the solvents for manganese. Even thus, when chemical 
extraction may be contemplated, mechanical enrichment as a preliminary step may be 
desirable. 

In many cases, moreover, ore dressing may fail to produce concentrate suited 
to chemical extraction. Ore dressing, therefore, may be preliminary to (1) smelt- 
ing to produce ferromanganese, spiegel iron, or low-manganese pig iron ; (2) lixiviation 
(o produce manganese oxides or other compounds; and (3) the preparation of various 
rough coloring ingredients for use in the manufacture of construction materials, or 
component for fertilizer or other uses. For all these purposes the principles of gra\dty 
concentration and magnetic concentration are applied. 

The Minerals of Manganese. — The most valued minerals of manganese are 
the dioxides, of which pyrolusile^ !MnOj, is the most important. It is a soft bluish- 
black or gra>nsh-black mineral, 4.8 in density, containing combined water not exceed- 
ing^ generally 2 per cent, and containing, often, hydrous silica in combination or 
intimate association. Poliauitc is the anhydrous variety of this mineral, 5.0 in density, 
crystalline, and much harder. Psilornclane, corresponding also to the formula MnO,, 
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13 a grayish black mineral, lustrous, massive, and hard, of 3 7 to 4 7 in density It 
contains often much combined water, variable in amount, and usually also barium 
oxide, or potassium oxide, and sometimos the oxides of calcrum or magnesium 
11 ad IS the soft hydrous variety of the dioxide mineral Ashohte and lampadite, and 
other minerals containing the dioxide of manganese, combined with oxides of other 
base metals, are known but are uncommon Hausmanmie, MnO»2MnO, of lower 
oxygen content than the above minerals, is a firm brow nish black mineral, 5 0 in 
density Mangamle, MnOi MnO HjO, » a gray mineral, somewhat softer, and 

4 2 to 4 4 m density Frankhntte, (Fe, Mn, Zn)0 (Fe, Mn)jOa, is hard, black, and 

5 07 to 5 22 m density Rkodoairositef ^fnCOJ, is the carbonate, pink in color, and 
3 45 to 3 60 in density Combmed with iron or calcium carbonate, and sometimes 
with magnesium or cobalt carbonates, the mineral is given the name oltgontle Rhodo- 
nite MnO S1O3, 13 the silicate, the manganese component of which sometimes is partly 
replaced by iron, calcium, or zinc, and which is reddish m color and 3 4 to 3 68 m 
density Bravnite, SMnjOj MnSiOj, of brownish black color and submetalhc in 
luster, 13 4 7 to 4 8 m densit> Other silicates of manganese in combination with the 
sdicatea of the base metals are known but are rare The sulphates and other native 
salts of manganese occur m nature but do not constitute working ores 

Manganese Metal and Compounds — Manganese is notable for the diversity 
of its chemical forms Varying m its state of oxidation from a bivalent element to 
a heptaralent one, it ranges from a basic-combining element at the one extreme 
to a highly acid one at the other, entering m its highly oxidized state into numer 
ous acid forms or radicals In its lower state of oxidation it resembles magnesium 
and ferrous iron Somewhat more highly oxidized, it resembles alummum and 
ferric iron Still more highly oxidized it acquires characteristics resembling trta 
mum and sulphur Fmally, m the most highly oxidized forms, it resembles chlo- 
rine and other halogens In its mmeral state, and in its metallic comportment, it 
perhaps most resembles iron The approximate sumlarity of its atomic weight, 
which 13 55, with that of iron, which is 55 9, leads often to regarding the element 
as an equivalent m slags The high native oxides, Iiowever, acquire a stable stage 
which iron does not attam Many of the compounds of lower oxidation are strikmgly 
similar to those of iron In many cases these are isomorphous with those of iron, being 
inseparable by crystallization 

Metallic Manganese — Manganese is a reddish gray brilliant metal melting at 
1230*C and is harder and somewhat heavier than iron It alloys with numerous 
metals and combines as iron does with carbon, but with greater avidity It is attacked 
by acids with much greater energy than iron, and is dissolved rapidly by all ordinary 
dilute acids inclusive of acetic acid, evolving hydrogen copiously and producing 
manganous salts It 13 oxidized by carbon monoxide above SSO'C , and its affinity 
for sulphur and for oxygen at high temperatures is utilized m the metallurgy of iroa 
for the deoxidation and desulphurization of that metal The stability of the sunpk 
oxide renders it impossible to reduce and smelt the metal apart from metalhc impuri 
ties, if present, and the affinity for carbon and metalloids at high temperatures 
renders it difficult to produce the metal by any pyrometallurgical means without 
contamination 

Manganese occurs m the allotropic forms as governed by temperature in 
treatment From the ordinary temperature of the air up to appro'^iniately 742 C 
it IS in the alpha form, and from 742 to Ugi^C m the beta form In both of these 
phases the structure is cubic Withm the beta range at a temperature between 
1067 and 1157”C is found a discontinuity in magnetic susceptibility mdicatmg changes 
not evident in the crystalline structure Above the beta and at some temperature 
above 1 191®C the metal acquires the gamma form m ^ hich the structure is tetragonal 
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These changes in phase become of great importance in the production and tempering 
of manganese steel. 

Except for electrolysis, for producing the highly pure metal, the process of Gold- 
schmidt, consisting of reduction by aluminum, best serves. For this reduction, a 
purified manganomanganic oxide’ is used as the source of the manganese, the aluminum 
powder being incorporated with oxide and raised in temperature to effect the reaction, 
sufficient aluminum being employed to produce sesquioxide of aluminum from the 
total oxygen content of the purified manganese oxide. Some 90 per cent of the metal 
may be so recovered without difficulty in a product of 96 per cent manganese free 
from carbon. Silicon, iron, and aluminum are the impurities of metal so produced, 
great difficulty being found in removing the final traces of these metals. Although 
chemically pure manganese may be produced under controlled electrolytic treatment 
from sulpiiates, chlorides, and other chosen electrolytes, the collection and fusion 
of the metal requires the extreme of attention to protect it from contamination with 
contacting elements of its environment. 

Numerous processes are in existence for the production of metallic manganese of 
tolerable purity freed from much of the combined impurit}^ with which the ore is 
gencrall^^ associated. By the process of J. Y. Joncs^ manganese ore containing iron 
is finely ground, mixed with coal, and calcined at about 1090^0. with air excluded, 
to reduce the iron. The iron is removed, and the coked product is smelted to produce 
mclaliic manganese of grade according with the extent of the preliminary separation 
of the iron. Sternberg and Deuisch, as early as 1893,^ produced metallic manganese 
by igniting the oxide of manganese when combined with alkaline-earth oxide at a 
temperature ranging from 1000 to 1200®C. in the presence of carbon. Other metals, 
such as molybdenum, tungsten, and titanium, were also included in the patent. 
Greene and Wahl, in 1895, prepared manganese, free from iron, by leaching the ore 
with dilute sulphuric acid to remove iron, leaving the dioxide of manganese unat- 
tached. The purified material was then ignited to produce MnaO^, followed by the 
application of volatile hydrocarbons in the treatment and a final reducing treatment 
with aluminum and magnesium in crucibles. 

Ferrous Alloys. — Ferromanganese is the common commercial form of metallic 
manganese. In this allo}'' some 78 to 82 per cent manganese is present together 
willi about 5 to 7 per cent carbon, and generally 0.5 to 1.0 per cent silicon with less 
than 0.03 per cent sulphur or phosphorus, the remainder being mostly iron. Humbert 
decarbonizes ferromanganese® by heating to a temperature above 1700°C. in contact 
with manganese oxide, in an electric furnace, reducing the carbon content thus to 
less than 1 per cent. Spiegel iron produced by blast-furnace smelting commonly 
contains 18 to 22 per cent manganese and 5 to 6 per cent carbon together with approxi- 
mately 1 per cent silicon and small amounts of sulphur and phosphorus, the remainder 
being mostly iron. A lower-grade manganese product %vith iron is also produced by 
smelting iron ore wlicn insufficient manganese is present to produce spiegcl iron. 
In the production of metal of this type the tendency of the manganese to enter the 
slag, and the required maintenance of special smelting conditions to effect the recov- 
ery of the manganese, introduce costs that commonly detract from the economy of 
recovering this small proportion of manganese along with the preponderance of iron 
that also must be reduced. A German process effects a partial separation of inan- 
giincso from iron occurring in ores, by reducing the mineral under delicately controlled 
conditions so as to produce metal from the iron oxide, leaving the manganese oxide 
unreduced. The reduced material is then smelted under conditions calculated to 

* U. S. patents 12SS422 and ^1289799. 

* English patent 13177. 

« U. S. patent 122S92:i. 
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leave the state of oxidation unchanged, recovering the iron as metal, and the man- 
ganese as a rich slag suitable for the production of ferromanganese 

Nonferrous Alloys — Manganese, which appears as an important component of 
numerous ferroalloys, is a less common component of nonferrous alloys The mata- 
ganese-gold alloy is brittle and gray m color, becoming yellow with gold exceeding 
some 90 per cent and forgeable at this higher percentage of gold The composition 
of manganm, a useful alloy, calls for 12 per cent manganese, 4 per cent nickel, and 
84 per cent copper To the extent of some 2 8 per cent in brass, manganese effects 
a marked increase m tbe hardness and tensile strength The mtroduction into 
bronze has been effected by various means as, for example, by alloymg the ferro- 
manganese with phosphorus and copper, and mtroducmg this richer alloy mto the 
mixture of the other metals Manganese is made to alloy in small amount with 
copper and lead by adding the oxide with cryolite together with a reducing agent 
to the other metals m the molten state IMien accompanymg copper in commercially 
pure iron manganese increases the effect of the copper, which in proper amount 
decreases tbe susceptibility to corrosion and decrease the red-shortness of the metal 
that IS occasioned by the mfluence of the copper alone In ahoy with copper atone 
it imparts useful properties which are becoming better known and utilized With 
5 per cent of copper, or more, the quenched metal is malleable, and with 15 per cent, 
ductile, after quenchmg at 500®C "With 70 per cent copper the cold rolled metal 
develops a tensile strength of 120,000 lb per sq m In these alloys of varied pro- 
portions and generally of higher manganese there is a marked vibration-damping 
characteristic with influence upon magnetic Busceptibility varying with the composi- 
tion and heat-treatment Alloys approximatmg 25 per cent manganese with 20 per 
cent chromium, the remamder bemg iron, are strong stainless metals adaptable to 
hardening and cold working 

Manganese imparts very desirable quahties to magnesium alloys The manganese 
IS best introduced mto them by the use of fluxes contammg manganese chloride, the 
manganese bemg reduced from the flux by the molten magnesium Iron is prac- 
tically msoluble m magnesium manganese alloys, and this fact is made use of m order 
to precipitate the iron out of magnesium 

Divalent Manganese Compounds —Divalent manganese imparts a usual reddish 
east to substances contammg it It is to be regarded perhaps as the most stable 
form m which manganese enters chemical compounds The divalent manganous 
salts, for example, are distinguished from ferrous salts by not being susceptible to 
oxidization m acid solution by the action of the air when present Manganovt 
hydroxide, MnHjOj, is a pmk precipitate produced by sddmg alkali to solutions of 
manganous salts It is msoluble in an excess of the alkali, but dissolves m ammonia 
changing when thus alkalme, as it would do when neutral to the brown mangamf 
hydroxide by exposure to the air Manganous hydroxide precipitated bj ammonia 
in the presence of cyanuric acid develops unstable colorless crystals of a high polarizing 
power serving for microchemical recognition Manganous oxide, MnO, is a greenish 
substance, obtained by calcining the carbonate or by precipitation from heated 
solutions of manganous salts It may be obtamed by the reduction of the higher 
oxides, but is with difficulty obtamed free from other oxides Manganous anlphuJe 
MnSOi, crj stallizes with 7 molecules of water, and is analogous to ferrous sulphate 
It also crystallizes with 6 molecules of water, being then analogous to copper sul- 
phate It crystallizes, moreover, with 4 molecules m characteristic reddish crystals 
It yields monoclinic double salts with alkaline sulphates, of such composition as 
KjSO* MnSOi 6H,0 

In 1894, A R Davis provided for the extraction of manganese in the form of 
sulphate from the oxide ore by means of ferrous sulphate, produemg commercisDy 
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manganous sulphate by evaporation. By the process of C. Ellis basic manganese is 
converted to the sulphate by treatment with acid sodium sulphate. The formation 
of manganous sulphate in solution, from which the dioxide may be produced, is 
usually the first step in the treatment of the ores by hydrometallurgical extraction. 
This appears under Production of Manganese Dioxide from Ores, page 573. ilfan- 
ganotis dithionatej MnSsOg, is formed by the action of sulphurous acid upon manganese 
dioxide in the cold. It is soluble in water and convertible into sulphate by oxidation. 
Afanganous carbonate^ MnCOj, is a reddish precipitate when formed by the addition of 
alkaline carbonates to manganous salts. It is less susceptible to oxidation than the 
hydrate, Afanganous sulplnde, MnS, forms as a flesh-colored gelatinous precipitate 
from alkaline solutions by the action of alkaline sulphides. Precipitation from mod- 
erately strong hot solutions sometimes gives the precipitate the form of a greenish-gray 
powder. The sulphide is v ery readily attacked by the oxygen of the atmosphere or 
by any ordinary weak acid, yielding hydrogen sulphide and the manganous salt of 
the acid. Afangancse horaic is precipitated from manganous solutions by borax. As 
commonly prepared, it is in the form of a brownish powder. It possesses valued cata- 
lytic properties, notable use for which is in the acceleration of the drying of vegetable 
oils, which is a process of oxidation. It thus becomes an important component of 
commercial driers required in the paint and varnish industry, in which application it 
acts catalytically. ilfon^ancsc resinaie and 7nanpa7iese linolcaie are also similarly 
serviceable in this use. In preparing the resinate, a rosin soap is first made boiling 
rosin in caustic soda, which is then poured into manganous sulphate solution, produc- 
ing a flcsh-colored precipitate, which is the resinate. This is filtered, washed, and 
dried, being then soluble in hot linseed oil or in any one of a variety of organic solvents, 
such as chloroform. It is capable of being melted, and when cooled forms a brown 
mass that may be broken into lumps of similar solubility and suitable for handling. 
Four pounds of this material in 10 gal. of linseed oil give a quick-drying oil, leaving a 
glossy coat, or, when less is used, a pale drying oil. The linoleate is produced by boil- 
ing linseed oil with caustic alkali. This soap is then added to manganous sulphate or 
chloride, producing a brown mass which is subject to oxidation and which is readily 
soluble in hot linseed oil. One part of this linoleate mixed with five of linseed oil 
and poured hot into 10 gal, of oil at 250°C. produces a desirable drying oil. 

Manganic Compounds. — The manganic compounds are much less basic in action 
than the manganous. In acid solution, the salt tends to become reduced to the 
manganous state. While in acid solution salts remaining unreduced are subject 
to marked hydrolysis, which results in the separation of manganic hydroxide^ MnOaHa, 
from solutions approaching the neutral salts. The manganic hydroxide may be 
made rcadib' to part with its combined water, forming a partly dehydrated hydroxide, 
manganitc, MnO.OH, or the anhydride, jMnjOj, both of ■wliich occur in nature as 
minerals, whereas the liydroxide does not. 

The preparation of pure manganic sulphate^ Mn2(S04)a, or the chloride^ MnCU, is 
rendered difficult by the tendency of the salt to hydrolyze, making it necessary, in 
preparing the sulphate, for example, from the oxide, to employ strong acid in the 
reaction, and rendering it difficult to remove the foreign salts from the paste of 
sulphate except by means of nitric acid. Manganic chloride also forms in strong solu- 
tion. but is unstable when deprived of the excess of strong acid. fluoride and the 
phosphate of manganese, in this state of oxidation, are red and \noIct in color and 
hydrolyze much less readily than do the other salts. These salts form double com- 
pounds with the alkalies, producing striking crystalline aggregates. 

Tetravalent Manganese Compounds. — The perhydroxidc of manganese, Mn 04 H 4 , 
is produced by the action of strong oxidizing agents on i!ic alkaline or neutral hydrox- 
ide, For the purpose, chlorine, bromine, or hj^pochloritc may be used. It is a 
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dark brown substance, amorphous, and reasily converted into a colloidal state In 
this state of oxidation manganese formerly was employed extensively m the produc 
tion of chlorine 

Thus when the perhydroxide is treated with strong cold hydrochloric acid, it 
dissolves, givmg a dark-green manganic -peTckloriie, MnCl* This salt hydrolyzes 
when diluted, producing agam the perhydroxide, or decomposmg into chlonne and 
manganous chloride upon warmmg The perhydroxide, subjected to moderate 
dehydration without the presence of reducmg agent^t produces the partly dehydrated 
perhydroxide, MnO(OH)i, which becomes peroxide on further dehydration In 
producmg chlorme from these compounds, a dioxide of manganese is treated with 
hydrochloric acid to produce the tetrachloride, which, upon elevated temperature, 
liberates Clj and becomes manganous chloride, MnCU The famous ^^eldon process 
consists m rendering this manganous chloride alkaline, with an excess of lime in the 
presence of the excess of lime it becomes oxidized to calcium manganate CaMnOj 
known as ‘ eldon mud,’ contammg the manganese again m the tetravalent slate 
suitable for further acidification with hydrochloric acid and the further generation of 
chlorine 

The -peroxide of manganese, or dioztde, MnOj, is unstable at elevated temperature 
and yields its oxygen to compounds capable of receiving it at that temperature Thus, 
m the manufacture of glass, the peroxide discharges the green color of ferrous sihcates 
by producmg the less highly colored feme silicate Its presence assures a high 
state of oxidation of iron in ceramic material, impaftmg a brown or a violet color by 
the direct coloring action of the manganese oxide itsel-f m silicate or other combmations 
As a decolonzer for glass, manganese material of 80 to 85 per cent dioxide is eoramonly 
wanted, containing less than 1 per cent iron Such material is used m glass to the 
extent of some 4 to 30 lb to the ton of sand, in many processes of manufacture While 
a siliceous ore is permissible for application to this piirpose, the presence of carbonates 
13 objectionable For making glass m pits, powdered ore is used, while the ore in 
lump form may be used in some cases for melting larger masses The dioxide is used 
direct as a drier for linseed and other drying oils m amount generally not exceeding 
0 5 per cent In this form it meets with the objection that it darkens the oil, to a 
greater extent than the sulphate, borate, oxalate, resmate, or linoleate As a dyeing 
material for cotton the chloride is used, m many cases, as it imparts a brown color to 
the cotton fiber hluch manganese dioxide is consumed m the manufacture of manga 
nates, chiefly in the production of the permanganates The dioxide is reported to be 
converted mto a colloidal form by adding concentrated ammonia to 0 5N potassiuiU 
permanganate solution until the color becomes deep brown, resultmg in a solution 
that remains stable in the presence of alcohol of any density 

Manganese Dioxide as a Depolarizer — The peroxide of manganese as depo- 
latiier for the manufacture of galvanic cellg 13 of great importance The physical 
form of the peroxide influences the effectiveness m a marked way, and the presence 
of soluble metalhc impurity is of great injury The largest consumption of man 
ganese dioxide, outside that of iron manufacture, is to make use of this action in the 
manufacture of dry cells and other galvanic battery elements In this use the 
available oxygen, m excess of that required to constuute manganous oxide, governs 
the effectiveness and value Freedom from metals that are electronegative to ime 
such as copper, nickel, cobalt, and arsenic, 13 especially important, copper being most 
objectionable Such metals cause local corrosion on the zme of the cell 

Caucasian pyrolusite of some 85 per cent manganese dioxide containing less than 1 
per cent iron is commonly desired, yet ore of 70 to 80 per cent dioxide and 3 to 4 per 
cent iron is often used w hen suitable m other respects Moderate hardness * 
certam slight degree of porosity of the mineral are desired, even at the sacrifice of the 
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highest oxygen content. Sized, crushed material is empIo 3 ’’ed which is commonlj’’ 
finer than 10 to 20 mesh. In the Leclanch6 cell, a depolarizing mixture of manganese 
dio.vide with graphite is often used. The artificial dioxide free from acid and contain- 
ing occluded moisture may be used with a low proportion of graphite. 

A hydrated dioxide of manganese for depolarizing purposes maj" be prepared 
bj' the oxidation of dilute acid solutions of sulphates or chlorides, or b}’’ the treatment 
of the oxide with water, gl^Terol, and acid. In the process of A. A. Wells, dioxide for 
batter^" purposes is prepared b^" converting the oxide ore into carbide, treating in water 
to produce manganous hydroxide, and roasting in an oxidizing atmosphere containing 
steam. By the subsequent process of Ellis and Wells, dioxide, suited to the purpose, 
is made bj' permitting a hj'^pochlorite to act on a slightly’' acid solution of manganous 
salt at about 100®C. A dioxide that gives a dead-black streak and is suitable as 
a depolarizer is produced under the process of Ellis, ^ b^’' exposing manganous sulphate 
solution, containing not more than 10 per cent free acid, at a temperature near the 
boiling, to the action of chlorine. The precipitate is recovered and washed free from 
contaminating salts. The depolarizing material of batteries has been regenerated, 
b 3 ' crushing the material, extracting the soluble salts by means of ammonium chloride 
solution, and reoxidizing the residue by treatment under pressure with hypochlorous 
acid or its salts, or bj" chloric acid. 

In electrolysis, manganese salts incline to throw out the dioxide at the anode. 
This deposition ensues as a result of the hj'drolyzation of the tetravalent manganese 
ion with a relatively complete breaking down of the hydroxide to the dioxide at the 
anode surface, Tlic nature and the state of the cathode material influences the 
required e.m.f. in practical operation, which will be higher than 1.35 volts, the poten- 
tial gradient between the dioxide and the manganous ion. In sulphate solutions, at 
the ordinary temperature of the air, deposition of the dioxide commonly occurs under 
an e.m.f. of approximately 2, the current efficiency’' decreasing vuth increasing acidity'. 
At 70 to 75® C. practically' 100 per cent current efficiency' is secured. The decline of 
efficiency' with increasing acidity' does not prevail at this temperature as in the cold, 
thus permitting of the einploynnent of 20 per cent acidity' in extreme requirements. 

Production of Manganese Dioxide from Ores. — The manufacture of manga- 
nese dioxide from ores consists in. the extraction of the metal as a salt, held in solution 
at a low state of oxidation, and its release as dioxdde by' the agency' of an oxidizing 
process. There are numerous processes of tliis ty'pe capable of operation with high 
efficiency' and chemical completeness. These, however, are brought into competition 
with production from a varied supply of the native peroxide ore of a quality' to permit 
the recovery' by' mechanical concentration of pure dioxide mineral for indus'trial use. 
Some of these chemical processes have long been knomi. Others have been stimu- 
lated by relatively' modern interests and possibilities. 

An early and important use, that has continued to be made, of the production of 
mangjincse peroxide is in the regeneration of calcium manganate, which may' be 
regarded as a combination of the peroxide of manganese with calcium oxide. Tliis 
appears in a step of the Weldon process, which at an early' time was the only' prac- 
ticable process of cheaply' manufacturing chlorine, already' described. The Hcrren- 
schmidt and Constable process consisted in applying ferrous sulphate at the ordinary' 
air temperatures to manganese ore for the extraction of the metal in the form of 
manganous sulphate, recovering also cobalt in a similar form, if present, and leaving 
the iron in tlie state of ferric oxide as a residuum in the vat, thus obtaining a manganese 
solution for such precipitation as is desired. In 1SS4, Headman secured an English 
patent for impregnating ore with a solution of ferrous chloride, heating in a suitable 
furnace to decompose the chloride, and forming the chlorides of manganese as well 

> U. S. patent 12S0707. 



574 NONFERROUS ^tETALLURGY 

as mckel and cobalt, if present, relstivelj free from iron for the precipitation of 
dioxide 

The German patent of Jvithack, issued m 18S4, pronded for spraymg the dissolved 
chlondea extracted from ore upon hot inchned plates of fire clay in the presence of 
atmospheric oxj gen, causmg the release of hydrochloric acid and the production of an 
oxide of manganese of a lov er state of oxidation than the dioxide In 18S4 an English 
patent was granted Herrenschmidt to use ferrous chloride solution as a solvent to 
extract manganese and nickel and cobalt, if present, from the finely pulvenred ore, 
followed by the precipitation of the nickel and cobalt upon manganese sulphide, or 
hydrated manganese oxide, and recovery of the manganese sulphate by evaporation, 
or the oxide and hydrochloric acid bj calcination Further improvements of the 
Ilerrenschmidt and Constable process, in lS8o, consisted in boding the fine manganese 
or cobalt ore with ferrous sulphate followed by decantation and oxidation of the 
sulphate 

The Dunlop process consisted in calcinmg the native or artificial carbonate of 
manganese to produce oxide of manganese, attempting a high state of oxidation by the 
lakming or roasting action, elevating the temperature to 300 to 400*C , and maintain 
mg oxidation for 36 hr m a special furnace m which the material was supported in 
small aagons with provision for their propulsion M A Reychler shortened the 
duration of the roastmg of the Dunlop process to approximately 1 hr , showing that 
80 per cent dioxide could be obtamed under the conditions To destroy residual 
carbonate more effectively, Rej chler moistened the manganese oxide ore with dilute 
nitric acid, nllon mg it to dry before calcmmg, whereby, at 125 to 260'’C , nitrous 
fumes escape, accountmg for some 10 per cent of the total mtnc acid, and manganese 
dioxide of at least 91 H Per cent puritj is obtamed 

By the Xuhlman process, mtnc acid is apphed m the calcinmg of the native oxide 
or carbonate, sufficient acid bemg used to convert all manganese to the form of mtrate 
before calcmation Campbell and Boyd m 1893 produced manganous carbonate, 
suitable for the Dunlop process, from waste sulphate liquors by precipitating with 
sodium carbonate solution, following by washing and drying In the same year 
Albright and Hood used coal dust m conjunction with sulphuric acid m calcining 
manganese oxide to produce manganous sulphate to be recovered by subsequent 
aqueous digestion The sulphate was converted to chloride by calcium chlonde and 
the precipitated calcium sulphate separated The chlonde was then concentrated 
and the manganese converted to the tetrax alcnt form of calcium manganate by the 
addition of lime and the characteristic oxidation of the "Weldon process Albright and 
Hood further developed the precipitation of manganese in the form of hj droxide from 
the sulphate solution by ammonia, reeovermg the excess ammonia upon evaporation 
and oxidation of the precipitated hydrate 

Cha^maji’a ■jrojcieaa. try: dvKswJft rOTaraAs. vi manBi 

nese carbonate x\ ith a chlonde salt By the process of C J Reed aqueous mangaaese 
sulphate IS heated with nitrate salts, leaving manganese dioxide m the residue By the 
process of Dutt d. Dutt, the oxide ore and alkalme hydroxide are roasted at 600 to 
750*C m a current of air in a reverberatory furnace, producing manganate followed 
by lixivatmg the roasted mass to remove iron as feme hydroxide resulting from the 
reaction upon ferrites if present The manganate solution is then decanted, evapo- 
rated, and heated m a retort to 500*0 in. an atmosphere of steam, produemg a resulting 
mixture of manganese dioxide and alkalme hydroxide, which is washed to rew®’^® 
alkah, and dned 

The Vadner process consists in bringmg sulphurous gas from roasting sulphide 
ores, or produced by tbe burning of sulpbux, into contact with manganese oxide ore of 
5 to 35 per cent This has been done by spraymg the fine pulp mto the gas Silver 
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and base metal, such as zinc, are attacked and dissolved along with the manganese. 
Iron is precipitated by finely divided calcium carbonate, and the zinc is separated and 
recovered by precipitation with the like precipitant at a higher temperature. Finally, 
lime and air are used to precipitate the dioxide. A later improvement of the process 
consists in leading the pregnant manganese solution over manganese dioxide to precipi- 
tate lead and iron, and treating with chlorine to produce the dioxide of manganese. 
Zinc and lead are both recovered. The manganese produced never falls below 90 per 
cent manganese dioxide, and under the best conditions exceeds 99.5 per cent. 

The process of Haslup and Peacock consists in digesting for 15 hr. or more the 
finely ground low-grade ore "with added salts, such as ferrous sulphate, aluminum 
sulphate, or salts of potassium, that will contribute to the heat of reaction along 
wdth sulphuric acid not exceeding 55°B5, The treatment is conducted in a heat- 
insulated container at a temperature of 150®C. The action of the free sulphuric 
acid is relied upon as the source of heat. In any case the temperature is developed 
and maintained by the reaction. The digestion is followed by the extraction of the 
sulphate in water in a condition suitable for conversion to the dioxide. 

By the process of M. L. Kaplan, manganese carbonate is converted to the oxide 
b 3 ' exposure to air containing nitric oxide at some 300®C. The decomposition product 
is recovered by heating the sulphuric acid solution containing it and which is passing 
from the oxidation chamber. The chief reaction of the oxidation is as follows: 

MnCOa + NO 2 = MnOz + NO + CO 2 

The lower oxide of nitrogen is converted to the higher state by the action of air. 
Provision is made for the treatment of native carbonate ore, or ore containing basic 
mineral, by the action of nitric acid, removing the excess of nitric oxide by the appli- 
cation of heat and producing dioxide suitable for battery purposes. 

By the sulphurous acid process of Van Arsdale the manganese oxide ore, of 18 to 
20 per cent manganese, reduced by crushing to 30 mesh, and containing water sufficient 
to produce a mobile pulp, is exposed to the action of sulphur dioxide as contained in 
roaster gas. The appliance that has been used for the absorption of the gas is the 
revolving cjdinder of the Leaver type, with perforated disks and deflectors. Reaction 
occurs between the aqueous solution of the gas and the manganese oxide in accordance 
with one or both of the following reactions: 


MnOs + SO 2 == MnSOi (1) 

MnOs + 2 SO 2 ^ h'InS206 (2) 

The treatment is required to be conducted at an elevated temperature, as with gases 
hot from the roasters. Reaction without this heating results in increasing the less 
desired effect indicated b^*” reaction (2) above, which in any case cannot be entirely 
prevented. The dithionate of manganese produced by this reaction thus accompanies 
the sulphate produced by reaction (1). The treatment consists in a continuous and 
progressive digestion of the ore, or, when preferable, an intermittent digestion of 
identical action. 

To obtain a manganese solution of high density, as, for example, 1.5 sp. gr., a 
progressive treatment of at least two steps is necessary, b^' which the depleted ore 
receives the action of the fresh gases entering, and the fresh ore imparts higher content 
to the effluent solution passing from treatment. Solution of density as low as 1.2 sp. 
gr. may be produced by either the direct or the intermittent procedure. Clarifica- 
tion of the solution resulting from the extraction of the ore is practically" necessary, 
Oliver fillers having been used with fair success on solutions of 1,2 sp. gr., or less. 
No practical vray" has been found to filter the stronger solution. Tlie clear solution 
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from the treatment, following filtration, is evaporated to drj ness in subheated cast- 
iron pans, enpellmg water and sulphurous anhydride from the dithionate and yielding 
a residuum of manganese sulphate The firm adhesion of the salt to the pans requires 
mechanical removal, a chisel in an air hammer at times being required to detach the 
crusts The dislodged and digested residue of manganese sulphate is calcined in « 
rotary kda Imed with magnesite bnek, elevatmg the temperature at the heated end 
to 1950"^ or higher, and yieldmg manganese oxide, RInjO*, m the form of nodules 
containing less than 0 5 per cent sulphur and of a high degree of purity Manganese 
dioxide may be recovered from the heated solution also by electrolysis By the 
process of E H Westlmg the economic production of manganese dioxide was con 
ducted for a time at a plant of the American Manganese Products Co at Redwood 
City, Calif , yielding manganese dioxide of a high degree of purity suited for industrial 
use, but on account of its form it was found less satisfactory m the manufacture of 
dry battery cells than the pure dioxide mineral The fine ore, containing dioxide 
and other oxides of manganese, was crushed to the 20-mesh size or finer, and thence 
elevated to storage tanks for an intermittent supply at a rapid rate of discharge 
The thickened mobile material drawn from the storage tanks entered digesting vats 
of cylindrical form, provided with conical bottoms lined with acidproof brick bound 
with acidproof cement 

The digesting vats w ere provided with corrosion parts and with inner cylinders of a 
form resembling those of the Pachuca tank Sulphur dioxide, with a ’^hght excess 
of air, produced by the combustion of sulphur under pressure in a Schutte & Koerting 
burner, was conveyed, while w arm, to the vat, and allowed to react upon the charge 
producing manganese sulphate After digestion with the sulphurous acid solution 
and with air as described, the manganese sulphate solution and residues were conveyed 
to a tank where a little powdered calcium carbonate was added, to neutralize the solu 
tion and to precipitate iron and alumina, arsenic, and other impurities This w as done 
at about 50“C under constant agitation Following this treatment, calcium nitrate 
solution was added while agitation continued, resulting m the production of manganese 
nitrate, which remained in solution, and of calcium sulphate as a precipitate The 
mass, consisting of manganese nitrate solution and residual insoluble material, con 
taming the maoluble residue of the ore, ferric hydroxide, basic iron salts, and other 
mineral matter, contamed also calcium sulphate crystals which coated the particles of 
the fine slime and rendered it easy of filtration This residue was removed by filtra 
tion without difficulty by the ordinary Oliver filter 

Copper, when present m the ore and taken into solution by the action of the acid 
was precipitated completelj by aluminum dust, a separate precipitation treatment for 
which, when required, was provided The clear solution of manganese nitrate, freed 
from copper and to a large extent from its original calcium salts, was evaporated in 
open pans, where all further and final separation of calcium sulphate occurred, produc- 
ing crusts easy of removal The evaporation n as continued under pressure in vertical 
cylindrical retorts with conical bottoms provided with acidproof lining and corrosion 
parts By this final evaporation treatment manganese mtrate decomposed, producing 
pure manganese dioxide and releasing nitric anhydride, which was recovered by means 
of scrubbing towers, in senes, the first of which produced pure nitric acid of 1 38 sp pr i 
used for the manufacture of lead nitrate The more highly diluted acid recovered 
from the succeeding towers was brought to the required strength by sjstematic and 
progressive absorption of the nitric gases The pure product was obtained in the form 
of an easilj settled fine granular material that was readily w ashed, settled, dned, and 
recovered 

Much has been learned m recent jeats through laveatigation of the U S Bureau 
of Mmes to aid our indcrstanding of requirements necessary for treating some of the 
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large bodies of low-grade ores of manganese. Such treatment is necessarilj' specific 
in being suited to the region as well as to the variant character of manganese ores. 
Sulphurous acid, along with the minimum of required sulphuric acid, appears to be the 
best solvent. The extraction treatment is preceded by suitable and systematic ore 
dressing to govern the favorable fineness for processes of leaching or agitation. The 
fundamental purpose in this sulphurous type of extraction is to convert the higher 
oxides of manganese to the soluble sulphate by the action of sulphur dioxide, and to 
dissolve the protoxide content of the minerals, simultaneously, in sulphuric acid in 
proper dilution, which is either added as such, or is formed from the oxidation of the 
sulphur dioxide, and to leave unattacked, so far as possible, the iron oxide and other 
undesired components of the ore. The close association of the manganese oxide 
minerals with other components of the ores, including not only those of iron but also 
of calcium, phosphorus, silicon, aluminum, and other elements, requires the consider- 
ation, in practice, of many chemical and mechanical factors. Whatever the type of 
plant or the mechanical provisions for bringing the active, solvent agents into contact 
with the prepared ore, the countercurrent principle, by which the fresh ore first meets 
the nearly depicted solvent, is best applied. There enter also matters relative to the 
effectiveness of the degree of acidity of the solution in sulphuric and sulphurous acid, 
the temperature of treatment, the comminution relative to the character of the ore, the 
content of sulphur dioxide in the impregnating gas, the mechanical activity relating 
to solvent and ore grains, the duration of treatment, the selectivity of the solvent on 
the various desired and undesired minerals of the ore, the separation of tailing and of 
slime from the solution, the treatment of washings, and the avoidance of the develop- 
ment of manganese dithionate, during extraction, which entails added cost in recovery 
of unconsumed sulphur dioxide. 

Manganese Oxide as an Interfering Mineral. — The extraction of silver, and 
in some cases of other metals, from ores in which the metal of high value is found 
in close association with the dioxide or other oxides of manganese has been notable 
for the difficulties that have been encountered. Attempts of many kinds have been 
made to separate the manganese or to render its influence otherwise negligible. 
Smelting the ore meets with no interference beyond that common to iron oxides, since 
manganese in moderate proportion enters slags in the form of oxide, or silicate, as 
iron would do. AYhen metals are to be extracted by cyanide solvent, however, the 
interference is marked. 

By the process of A. G. French, patented in 1913, manganiferous sulphide ores of 
zinc, lead, or silver arc treated to recover the manganese by roasting at 700®C., 
followed bj' incorporating with the ore some 5 per cent of sodium bisulphate, and wet 
grinding, followed further by leaching, in which treatment sulphates of sodium, zinc, 
and manganese are extracted. The solution is subjected to electrolysis between 
anodes of lead and cathodes of zinc, at 2.5 to 4.5 volts and 200 to 300 amp. per sq. m. 
of cathode surface. The manganese content of the electrolyte is controlled to suit 
the conditions of deposition of the zinc, adding, when necessary, manganese sulphate 
produced by the action of aqueous sulphur dioxide of the furnace gases upon the 
manganese dioxide ore, using the spent electrolyte as an aqueous carrier of the sulphur 
dioxide from the roaster gases and as a solvent of the manganese yielded by the ore. 

The Vermnes process^ for the treatment of manganese-silver ores consists of a 
reduction roast in the presence of a chloridizing agent at a temperature below the 
volatilization temperature of silver chloride, followed by extraction with water and the 
recovery of the silver from the ore by cyanide. Carpenter^s process for the treatment 
of manganiferous silver ores consists in a chloridizing-volatilizing roast at 1000°C., 
ret'overing silver from the collected fume and by the cyanide treatment of the residue. 

» U. S. patent 123442G. 
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L W Austin has patented a process' which consists in adding raw pynte with buI- 
phunc acid to mangamferous silver ores following by water washing and oyanidahon 
Many similar but minor expedients of varied sorts have been resorted to in the effort 
to obtain a satisfactory recovery of the precious metal from ore of this character 

Physical Properties of Manganese Pioxide — The physical properties of man- 
ganese dioxide are well observed in the properties of the pure minerals which have 
been mentioned It is, however, most difficult to obtain from any source a manga- 
nese mmeral that may be said to be a dioxide of absolute punty. As a chemical 
precipitate, produced, for example, by the WestLng process, the substance is a 
grayish black powder, composed of hard and compact grams The desired quality 
for depolarizing purposes and the existence of a colloidal form are elsewhere explained 
The dioxide by recent experiment is found to be slowly acted upon by hydrogen or 
hydrogen sulphide at ordinary temperature and atmospheric pressure, resultmg in 
the one case m the formation of a lower oxide of manganese and in the other of the 
sulphide of manganese By the process of Clevenger and Caron, manganese oxide 
ores are treated to reduce the oxide to a lower state to facilitate recovering manganese 
by magnetic concentration 

Compounds of Hexavalent Manganese — The hexahydioxide of manganese is 
not known nor is the free acid correspondmg to its partial anhydride ^HIMn 04 }, 
which would correspond to manganic acid The salts of this acid are known, how- 
ever, and for the alkaline elements are stable and important under certain conditions 
These salts are stable also m a state of alkahne fusion In alkaline solutions they 
resemble the sulphates m comportment and with them they are m some cases iso- 
morphous ^Vhen manganic salts are rendered neutral or acid, depriving the solution 
of negative ions to support the lower radical, the manganese passes into the heptaval- 
ent form and produces the well known permanganate, a typical salt of which is 
permanganate of potassium, KMnO* In this transition from the hexavalent to the 
heptavalent form, an oxidizmg action is implied, and a draft upon the action of some 
oxidizmg agency is naturally made IVhen no agent is supplied, the mangamc ion, 
MnO* is itself in part reduced, produemg the dioxide (MnOi) and yielding the oxygen 
required to produce permanganate Nitric acid facilitates this reaction but does not 
amply yield the oxygen required Chlorme and bromme are agents naturally suited 
to the reaction 

The prevaibng color of the manganates is green, while that of the permanganate is 
Violet Tlie transition from the violet to the green color implies always a change m 
the state of oxidation when it appears to follow the alteration of the acidity The 
green or hexavalent form is highly stable at high temperatures and tends to take 
oxygen from any available source, an is the case when the dioxide is fused With alkahne 
hydrates By its pronounced color it is a common evidence of the existence of loan- 
'a tffati'imfty requirei i or t’n e existence \be imftigiaa.tft. 

state in contact with water renders the salts important chiefly as transition products m 
the production or employment of permanganates 

Compounds of Heptavalent Manganese — The ready transition of manganates 
into salts containing the heptavalent anhydride (MujOr), resulting m the forma 
tion of permanganate, is indicative of the stability of permanganate salts under 
normal conditions, and under conditions of acidity In this form the manganese 
resembles the chlonne atom, which appears in correspondmg comhmations as per 
chlorate Permanganic acid, itself, is stable m acid solution It can be produced 
by decomposmg banum permanganate with sulphunc acid, which removes the barium 
as an insoluble sulphate The attempt to isolate absolutely permanganic acvd 
results m producing the anhydride (MiijOj), which is a violet-brown oily hquid, 

• U S psteot 1327974 
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liable to explosive decomposition into oxygen and manganese dioxide. The reduction 
of permanganate, when employing it as an oxidizing agent, is thus different in result 
according to the relative presence of acid or base. In acid solutions, permanganates 
leave the dioxide as a decomposition product. In alkaline solution, the product is a 
manganous salt. !Most substances, whether of mineral or of organic nature, that are 
conceived as being susceptible to oxidation are attacked and oxidized by permanganate 
in solutions or added to fusion mixtures. 

The alkaline manganates and permanganates are produced in various ways, the 
principle of the treatment commonly being that of the oxidizing-alkaline fusion of 
manganese oxides. The action is commonly conducted in kilns by allowing air to 
react upon finely ground manganese dioxide and alkali. For ample yield and best 
results it is preferable to employ potassium hydroxide in an amount equivalent to 
2.5 molecules for each molecule of the dioxide, maintaining a temperature of some 
300®C., and supplying moisture ■with the air. By the process of Shoeld, the perman- 
ganate is produced from the manganate solution, of 1.15 to 1.2 density, by oxidizing 
electrolysis, using porous anode compartments. The Brewster process provides 
for the oxidation to permanganate by the application of chlorine to the hot solution. 
The patents of Lovelace, Banning, and Judefind are for the production of sodium 
permanganate from sodium hydroxide by employing anodes of manganese containing 
tungsten, molybdenum, or silicon in anode compartments. James C. Adell makes 
use of the presence of the oxide of iron in an oxygenation treatment of alkali and man- 
ganese oxide in the presence of air. MacMillan accomplishes the reaction with the 
alkali by fine comminution of the mixture while at a temperature of 400 to 550®C. 
A patent of McCormack provides for mixing manganese dioxide ^vith an aqueous 
solution of alkaline hydroxide, and evaporating the mixture to dryness, followed by a 
moderate elevation of the temperature to produce alkaline manganate. By the 
Vanderkleed process, sodium manganate is produced by the fusion of manganese 
dioxide with sodium peroxide. 

Electrolytic Manganese. — ^The production of electrolytic manganese has a con- 
siderable importance for war industry; for the pure material produced by this process 
enables a close control of alloys that is otherwise impossible. In general the produc- 
tion of electrolytic manganese depends on the deposition of metal from an electrolyte 
carrying 34 to 36 g. per 1. of manganese and 135 g. per 1. of ammonium sulphate with 
about 0.15 g. per 1. of sulphur dioxide.^ The cathodes are made of 316 stainless 
steel, a semimirror finish being maintained on tliem by buffing every 4 days. If they 
are too rough, the manganese cannot be conveniently stripped; if they are too smooth, 
the manganese is likely’’ to fall off in the cell. The anodes are 99 per cent lead, 1 per 
cent silver, 15 X 32 X 34 iJ^v drilled with as many 1% in. holes as possible, which 
gives a higher anode current density than cathode and minimizes the production of 
manganese dioxide by an anodic deposition. The composition of the anode itself 
assists in keeping down the production of manganese dioxide. The anodes are 
surrounded by an IS-in. canvas sleeve, the lower end of ■^vhich goes through a false 
bottom in the tank so that any manganese dioxide that is formed falls through the 
sleeve into the space between the true bottom and the false bottom of the tank. Tlie 
diaphragms become clogged with calcium sulphate in about 4 to 6 weeks and must be 
discarded. 

The electroljdo is fed into the space between the anodes and this canvas dia- 
phragm and is depleted so that in the anode compartment there is 8 to 10 g. per 1. of 
matigaucse. 

* Jacobs, Huktcu, H al„ First Two Years of Operatiorv of the Bureau of Mines Electrolytic Man- 
Rancfio Pilot Plant at Boulder City, Nev., AJM.M.E, Tech. Paper 1717, New York meeting, 
Februatj*, 1944. 
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The cathode current density w 45 to 50 nmp pi'r sq ft The anode densitj, 
because of the hohs m the cathode, H 81 to 90 amp per sq ft 'Hie ctll voltage w 
5 0 to 5 3 After di position for2thr, the cntliodes nredtppt <l inn 1 per rent solution 
of Bochum or potas.siuni diehromate, to pre\<iit oxidation of the manganese Tlicy 
are then a\ash«si iti a separate tank nnd nre dried and then stripped from the cathode 
by flexing and striking with a rubber mallet 4 1 kw dir produces 1 Ih of \fn 

llie electrolyte is prepared by h aching mnnganwe orej», in which the manganese 
has already been reduced to the luxnhnt stage with spent electrolyte Sulphuric 
acid and ammoniiim sulphate are added as necdeil to bring the compos tion of the 
electrolyte to the composition already given Hie leach is neutralized with ammonia 
gas and freed from the barren tailings anil the precipitateil iron and alummum 
hydroxides 

riie neutral leach solution, m addition to ammonium and manganese sulphate-, 
contaiiH small amoiinta of iron, arsenic coppir line lead nickel cobalt, nnd mol) l>- 
denuin Tliese are precipitateil by hvdrogen sulphide gases, and the precipitate is 
taken out tiy filter pressing Hie solution stiU contains a little colloidal sulphur, 
colloidal metal sulphides, nnd organic matter w hicli are introduced with the ammon- 
ium sulphate A little ferrous sulphate is added and air passeil in to oxidifc the iron 
This precipitates the iron ns a mixture of feme hydroxide and baste ferrous sulphate, 
which removes the sulphur and coUoidala aiwl also remove* any rwidual arsenic and 
moly bdenum 

Tlvo impunty that interferes most xv ith the process w magnesium It is ne«e«aary 
at intervals to refrigerate the elcctroly tc to ]0to 15°C, which throws cut a triple salt 
of magnenum mangnnese-nmmoniura sulphate 1 ortunately this salt ran fe sold 
in the southeastern United States ns a fertilizer Rome experimental work has been 
done on the precipitation of calcium and niagnesmm from the clectrolyde hy the 
closely controlled addition of ammonium fluonde 

The Hydrometallurgy ol Manganese — Tlie wet treatment of manganese ore 
requires a knowledge of the manganese minerals nnd the compounds of manganese 
that appear m solutions, precipitates, minerals, and prmlucts Tliese matters 
liavc been discussed 

Considerable work has been done on the Wilson Bradley process, which depends 
on the reduction of manganese to MnO and of FciOj of the on? to Fl, 0* at about 
400”C by a mixture of hydrogen, carbon monoxide, and water vapor The calcine 
must be kept aw ay from the presence of air in order to prev ent reoxidation It is 
then agitated with ammonium sulphate liquor at aliout SS’C The manganese 
oxide dissoh es ns manganous sulphate w ith generation of ammonia gas Apparently 
the difficulty of recov cring the ammonia gas has been the chief olwtacle to the general 
adoption of this process 

Anollier ammonia process was that of A T Sweet of the ^^lchIgan School of Mines 
In this process manganese carbonate ore cnishetl to minus 05 mesh is mixed with 
ammonium sulphate and a little water and the mixed pulp roasttxl This drives off 
carbon dioxide and ammonia while the manganese carbonate is changed to sulphate 
The sulphate is leached from the roasted pulp nnd the manganese precipitated bv the 
ammonium carbonate recovered from the roast gases 

Ores that were low ui lime nnd high in iron were treated by Prof Sweet with 
sulpburic acid to produce soUihle manganese sulphate roasting the manganese 
sulphate to MniOi So far as know n this process has not reached the large pilot plant 
stage 

Some rather promising results on manganese carbonate ores, specifically on the’* 
of the Chambetlnm District, S D , vv ere obtained by leaching with calcium chloride 
Prolonged digestion transformed the mangane-c carbonate into manganese chloride) 
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the calcium remaining in the ore as calcium carbonate. Tlie manganese is then 
precipitated by calcium hydroxide, which regenerates calcium chloride for future 
use. 

Manganese dioxide, as alread}' indicated, is readily acted upon by sulphur dioxide, 
which dissolves the manganese as manganese sulphate. This furnished the basis for 
the so-called L. H. Ilyerson process, also intended primarily to treat the carbonate 
ores of Chamberlain, S. D. It was purposed to use manganese sulphate solution as a 
catalyst for the oxidation of sulphur dioxide to sulphur trioxide and to use the sul- 
phuric acid manganese sulphate solution as a leaching agent. The manganese 
sulphate not needed as a catalyst was to be calcined to manganese oxide and sulphur 
trioxide. On a working scale the oxidation of the sulphur dioxide did not proceed 
so rapidly as had been expected, which seemed to be the chief difficulty. 

The Bureau of Mines also did some work on this problem, though the Bureau 
of Mines had the opinion that the sulphur dioxide leaching should be preceded by a 
sulphuric acid leach. ^ If a sulphuric acid leaching does not precede the sulphur 
dioxide leach there is a tendency to produce dithionates, which decompose on any 
attempt to concentrate the solution. It does not appear that this process passed the 
laboratory stage. 

Nitrogen Dioxide Process. — Leaching with nitrogen dioxide has been experimented 
with by the Bureau of Mines.^ The general basis for the process is the fact that 
manganese dioxide reacts with NO2 and water to form manganous nitrate with 6 mole- 
cules of water. The oxidation of NO2 to nitric acid was to be kept low by controlling 
the flow of NO2 and eliminating air pressure. Under these conditions the nitrogen 
dioxide acts as a reducing agent on the manganese dioxide. Calcium and magnesium 
if present dissolve readily and can be removed only by crystallization. A pilot plant 
was to be erected by the Anaconda Copper Mining Co. to test this process on a large 
scale. 

Manganese accompanying other metals is commonly freed by utilizing the per- 
manence of its salts in acid solution in the presence of hydrogen sulphide, and the 
stability and insolubility of its sulphide in alkaline solution, iron being previously 
removed and thus not under consideration here. The manganese, therefore, accom- 
panies zinc, nickel, and cobalt, from which, along with zinc, it is separated by the 
greater readiness of its sulphide to react with dilute acid. It is separated from ferric 
iron by the relative solubility of the manganous hydrate in ammonium chloride, and 
from zinc by the relative insolubility of the manganous hydroxide in alkali. The 
possible elec troly tic deposition of the dioxide upon the anode of the electrolytic cell 
permits of separation from most other metals, lead being excepted, and, under certain 
conditions, silver. 

Economic Demands, — The great demand for manganese arises in its metallurgi- 
cal use as metal in ferroalloy’s and the industrial uses of dioxide and the several 
well-known compounds required in many varied applications. The production 
of the pure dioxide is .seen to be a starting point for the manufacture of most com- 
pounds as well as for the preparation of the metal. IManganese minerals and products 
of low grade have been used for a wide variety of purposes, in some cases as coloring 
agents, as in the manufacture of terra cotta of required shade, or for cements and other 
construction materials. The use of manganese as a fetilizcr has been shown by years 
of experience to liave been lieipful as a crop stimxilant. The adaptability of ammon- 
ium-mangnncsc-magnesium residues to use as fertilizers has been of immense aid to 
certain electrolytic manganese work. In medicine it is now known to be a stimulant 
of enzymes. Under present conditions, a low content of manganese in ores or minerals 

' 5. Bur, Minf^ Bepis, InzesixQations 3G-49, July, 1942. 

* V, S, Bur, Mines BepU, Inteftigationa 302G, March. 1942. 
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signi6e3 little value except where a hiRh tleRrce of concentration or a simple process of 
chemical extraction bpcomti po‘isi1»lc 

Analysis of Manganese. — llie chemical ilctcrmination of manganese with assur- 
ance of accuracy m ores, or as a component of iron and steel, has hcen alaays an 
involved and exacting operation Many metho<ls are knoicn, some of which have 
been shortened to bceomo methods of convenient assay TIio element, when present 
in iron and steel, commonly requires the longer procetlure of quantitative analysis 
for accurate determination One may rend A A Itlair on the “Chemical Analysis of 
Iron," or Sutton’s “^olumctrlc Analysis" ^^le tine oxide mctho<l of I/jw' is 
commonly accepted as being well suiteil to ores Tlic method of Clennell* m suited 
to the determination of the manganese alloy with aluminum 
V C/ Low > TocLnir*! ol Or* ' 

• Ena iftntngJtur V pi 105 pp 407-110 1018. 
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COBALT 

Bt a. B. Schaai.,1 M. J, MxjkphYj^ and S, A. Latjrich^ 

Occurrence. — Cobalt is found in igneous-rock formations in many localities widely 
scattered over the earth^s surface. The individual deposits, while numerous, are 
small and usually in conjunction with, or part of, deposits of more abundant or more 
valuable metals, such as copper, lead, manganese, nickel, silver, and, occasionally, 
gold. Consequently, cobalt is usually produced incidentally to, or as a bj^product 
of, some more extensive metallurgical operation. 

Some of the more important ores of cobalt are (1) smaltite, or tin white cobalt, 
CoAsj; (2) cobaltite, or cobalt glance, CoAsS; (3) erythrite, or cobalt bloom, C03- 
AB2O8.8H2O; (4) linnaeite, or cobalt pyrites, CosS*; (5) asbolite or asbolan, black 
earthy cobalt, an impure mixture of manganese and other metallic oxides; and (6) 
skutterudite, CoAss. 

Of the many and widespread deposits of cobalt, the following have, or have had, 
considerable commercial importance: (1) the Katanga district, in Belgian Congo, 
where cobalt is found as a cobaltiferous copper ore; (2) Northern Rhodesia, where 
there is a similar deposit; (3) French Morocco, where smaltite is found in conjunction 
with gold, a rather rare occurrence; (4) Ontario, Canada, where cobalt occurs in a 
variety of forms in conjunction with the silver deposits around Cobalt, and with 
various nickel deposits; (5) Schneeburg, Germany, where it is found as smaltite, 
linnaeite, and asbolite, and is associated with silver, bismuth, and uranium. New 
Caledonia, which at one time furnished 90 per cent of the world's cobalt, has com- 
paratively large deposits of asbolite. These deposits have not been worked much in 
late years, largely because others, notably those in the Katanga, can be worked more 
cheaply. 

Other deposits, of more or less marginal and temporary commercial importance 
arc found in Burma, New South Wales, South Australia, India, Norway, Sweden, 
Finland, Chile, Brazil, Peru, and the United States. 

The most important deposit in the United States is that around Fredericktown, 
Mo., where cobalt is found as sulphide in conjunction with copper, nickel, and lead. 
This deposit has lately been revived, perhaps temporarily, because of world economic 
conditions. Some cobalt has been obtained recently as a by-product from the old 
iron mines at Cornwall, Pa. (see page 591). 

In the first nine months of 1941, the last period for which such statistics are 
available, the following cobalt materials were imported into the United States: 

1. From Belgian Congo: 6,631,692 lb. of “residue" (cobalt-copper-iron alloy) 
averaging about 41 per cent cobalt. 

2. From Canada and Australia: 2,016,105 lb. of ores and “concentrates" averaging 
about S.7 per cent cobalt. 

3. From Canada: 484,800 lb. of cobalt metal. 

4. From Belgium, Canada, and the United Kingdom, 38,002 lb. of oxide containing 
70 to 71 per cent cobalt. 

* Dlaut Manager,* Superintendent,* Assistant Superintendent, Ferro Enamel Supply Co., Cleveland, 
Ohio. 

5S3 
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These figures do not indicate usage, since much of the material, except the oxide, 
was brought m as preparation for the 'tvar emergency, especially item 1 

Until very recently (1944) the domestic cobalt deposits have not been worked, and 
to date (August, 1944) no refined material has been produced from these deposits 
Properties of Cobalt Physical Properties — Cobalt is a silvery white metal when 
polished, but is a gray powder hen produced bj reduction of its oxides Its specific 
gravity is 8 756 for an unannealed sample, 8 81 for an annealed sample, and 8925 
for a swaged sample It has a melting pomt of 1480*0 and a boiling point of 1900*0 
Its atomic weight is 58 94 

There are two aWotropic modifications of the metal Alpha cobalt has a close- 
packed hexagonal lattice and is the stable form under 400°C At 400* beta cobaU 
13 formed This modification has a cubic lattice Both orms are known to exiat 
below 400*C , but alpha cobalt is the stable form 

After iron, it is the most magnetic metal and it retains its magnetism even at high 
temperatures 

It has a tensile strength of 34,400 Ib per sq in when east, 36,980 lb per sq in 
when annealed, and 100,000 lb per sq in when rolled Its compressive strength is 
122,000 lb per sq in when cast and 117,200 lb per sq m after annealing Its 
Bnnell hardness vanes between 124 and 130, but electrodeposited cobalt is harder 
than the ordmary metal, having a Bnnell number that vanes between 270 and 311 
Pure cobalt may be machmed, but it is somewhat brittle Its maehming qualities 
are improved by the presence of small amounts of carbon w hich also make it possible 
to swage the hot metal 

Chemical Pro-perttes — The hot metal combmes with vanous gases It decomposes 
steam at red heat When finely divided, it ignites in an atmosphere of the oxides of 
nitrogen It reacts with ammonia gas at 470’ to form a cobalt nitride, CoiNi i^hich 
decomposes at 600* At a pressure of 100 atm , finely divided cobalt reacts with 
carbon monoxide if heated to about 200’C , forming orange red crystals of cobalt 
carbonyl, Coi(CO) i This reaction differs from that of nickel with carbon monoxide 
in that the latter reaction proceeds at atmospheric pressure and low temperature 
and forms a basis for the separation of nickel from cobalt It reacts with cblontie, 
bromine, and lodme to form the correspondmg halide salts 

The metal is soluble m dilute mineral acids, forming cobaltous salts 
There are three oxides of cobalt, analagous to the oxides of iron Cobaltous oxide, 
CoO, IS a greenish gray cobaltic oxide, CojO,, is brown, cobaltoso- obaltic oxide, 
CojOi, 13 black Solution of any of the three oxides in mineral acids results m the 
correspondmg cobaltous compound 

CoO + 2HC1 -+ CoClj + HjO 
CojO, + 6Ua ^ 2Coai + SHsO + Cl» 

Co.O* -f 8HCI 3CoCl* + 4HiO + Cl, 

Simple cobaltic salts do not exist, and if formed in solution, are probably immedi 
ately reduced to the cobaltous state There are, however, many complex cobaltic 
compounds, eg , potassium cobaltmitrite, KjCoCCN), 

One of the most important methods of separating cobalt from nickel depends on (he 
fact that, if cobalt is oxidized to the cobaltic state by means of chlorine, hypochlorites, 
or peroxide in neutral solution, the cobaltic salt formed immediately hydrolyzes and 
precipitates as cobaltic hydroxide 

Cobalt 13 precipitated m cold solution by dilute alkali forramg a blue basic salt 
CoCl, + KOH - CoOHCI + KCl 
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This basic salt is changed to the pink Co (OH) 2 on warming the solution. The pre- 
cipitate, in turn, changes to brown Co (OH) 3 in contact with air. 

Alkali carbonates produce reddish precipitates of variable composition. 

The metal may be made from the oxide b}' briquetting the cobalt oxide with a 
carbonaceous material, or by passing hydrogen over C02O3. Carbon monoxide 
slowly reduces C02O3 above SOO'^C. and very rapidly at 900'’ C. or above. 

A very pure form of cobalt metal may be obtained by heating cobalt oxalate, 
C0C2O4, at high temperatures. 

Metallurgy. — Most of the cobalt is now produced from the cobalt-bearing copper 
ores found in the Katanga district of Belgian Congo. Treatment in blast furnaces 
on the ground brings the cobalt out in the slag. This slag, reduced in the electric 
furnace, forms a copper-iron-cobalt alloy, which, prior to the war, was refined largely 
in Belgium. Lately, however, this raw material has been shipped to Niagara Falls, 
N. Y., where a plant having a capacity of about 1300 tons of cobalt per year has been 
built by Electro-Jvletallurgical Corp. for the Belgian interests. This operation, like 
most of those dealing with cobalt, has been shrouded in secrecy. 

This crude alloy has also been refined to cobalt salts and cobalt oxide in two or 
three Ohio plants, and at a New Jersey plant, whose processes are rather closely 
guarded. These latter plants arc probably using wet chemical separations, whereas 
the Niagara Falls operation is at least partially electrolytic. The cobalt-coppcr-iron 
alloy has a fairly uniform composition. It contains about 1 to 3 per cent arsenic, 1 to 
2 per cent silicon, and small amounts of nickel, lead, antimony, and manganese, 
totaling 2 to 3 per cent. The remainder of the alloy (92 to 94 per cent) is made up of 
iron, copper, and cobalt. It is usually divided about as follows: cobalt 40 per cent, 
copper 18 per cent, and iron 35 per cent. About the only published information oh 
processing tlxis material is contained in Thorpe’s Chemical Dictionary. 

Prior to 1941, cobalt was also produced from several other sources, notably in 
France, from Moroccan ores of approximately 12 to 15 per cent cobalt, 3 per cent 
nickel, and 45 to 50 per cent arsenic, and from the old New Caledonian sources. 
Cobalt was produced in Germany from smelter residues from Burmese antimonial lead 
operations, as well as Canadian smelter products, and local ores. It is certain that 
the German government subsidized these operations to enable them to compete in 
world markets. Some cobalt compounds were produced in this country for the 
ceramic trade, from Canadian silver-mine tailings enriched by small amounts of 
pick-mined higher grade material, making a "'concentrate” containing 10 per cent 
cobalt, 3 per cent nickel, and 25 per cent arsenic together with iron, sulphur, and 
varying amounts of ganguc. 

During the last few years, some of the material formerl}" going to Germany and 
France was diverted to the United States, and some of the speiss from the antimonial 
lead operations in Burma was treated to recover cobalt oxide among other products. 
The cost of these materials is very high, and they cannot be cheaply treated. 

Since 1941 an attempt was made to revive the Missouri deposits, and a plant was 
erected to concentrate the cobalt and nickel sulphides by flotation. These concen- 
tratc.s were roasted to remove most of the sulphur. The plant was also equipped to 
smelt these concentrates down to a cobalt-nickel matte, thus getting rid of a large 
part of the iron. The flotation concentrate ran 6 to 7 per cent cobalt. The roasted 
concentrate usually ran 12 to 15 per cent cobalt, while the matte, after roasting, 
usually contained aboiit the same amount. Sulphur in the concentrate was quite 
high, but it could be roasted down to about 3 per cent. 

Prcparahrjj Treat merit , — AVith the axception of the ores in Belgian Congo, nickel 
is almost \iniversally associated with cobalt in amounts necessitating its separation. 
These ores arc cither oxides, sulphides, or sulphoarscnidcs of these metals, and usually 
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contain, m addition to iron and the g^ngue matenala, -varying amounts of copper, 
antimonj, lead, and manganese 

Up to the present, cobalt must be separated from nickel by wet chemical means 
Such methods are comparatively expensive, and the ores are usually concentrated 
by ev ery available physical means, as far as possible, preparatory to wet chemical 
treatment Tabhng and flotation are both used for these preliminar} 
concentrations 

Oxide Ores and Concentrates — Two general schemes of treatment, after concer 
tration bj tabling or flotation or both, are applicable to this class of material (1) 
It can be smelted and an alloy formed, cast mto anodes, and brought into solution by 
electroljsis, or (2) it can be directly digested with muriatic or sulphuric acid Both 
methods find application at present 

Owing to process diflicultics encountered with sulphuric acid treatment, the metals 
are usually brought mto solution as chlorides, or, after special preparation, leached 
with ammomura carbonate 

Sulphide Ores and Concentrates — It is seldom that these materials are sufficiently 
soluble in sulphuric or muriatic acid to permit direct treatment with a view to ehininal- 
ing sulphur as h j drogen sulphide In the rare cases where this treatment succeeds 
caring for the evolved gas constitutes a serious problem To treat sulphide materialg 
with an oxidizmg mixture such as sulphuric acid and mter or muriatic acid and niter 
is usually impractical, owing to the difficulty of handling the heavv sludge of sulphur 
formed It is usual, therefore, to roast off the sulphur as far as practicable, converting 
the metals to oxides, which are then subjected, after fine grmding, to acid treatment 
Sulphur has been reduced to about S per cent by roasting, some sulphate being 
formed at the same tune, not mcluded m this figure The roasting is done in multiplo- 
hcarth furnaces, and is a fairly cheap step 

Where large amounts of gangue and iron arc present, it is perhaps prcfeiablc to 
smelt the sulphide concentrate down to a matte, removing the gangue and some of the 
iron m this manner The matte is then crushed, ground, roasted, and pulvcnzed, 
when it 13 rcadv for the acid treatment The matte is usually made in. reverberatory 
furnaces, oil fired 

Arsenical Ores and Concentrates — Older methods of preparing such malcnals 
nearly always included smelling to a speiss, or a speiss and matte In this way gangue 
13 remov ed along w ith some iron if the iron in the ore is high Matte comparatively 
low in arsenic should then be roasted, as should speiss containing large quantities of 
sulphur "Where speiss m roasted, means must he provided for collecting the volalil 
izcd AsiO» Some arsenic w til, of course, remain m the roast, core being taken to sec 
that it falls to somewhat less than the iron content, to ensure its complete removal later 
in the process 

SoTOft pea of 's. viA. Vwu vw , Mt-yB'ifcahAy best.djXCcHf 

dissolv cd in acid, after grinding, w ithout roasting, and the arsenic recovered as calcmm 
arsenate 

hich method to use, i e , whether or not to roast a low sulphur high-ar^enic 
spci-is, will depend on the local possibilities of atmospheric pollution, as well as the 
economics 

Several attempts have been made, prior to acid treatment, to convert Iheinetallir 
constituents into such a condition as to provide selective solution, and thus partial 
separation of the metals by the initial acid treatment These attempts have been 
only partially succeasful The appended references cover these trials, as well as 
complete processes which today possess only historical importance 

Preliminary Chemical Treatment, Unoxidized Material — Tw o methods have b«n 
employed at this stage of the refining 
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1. Smelting with soda ash, niter, and salt, on a cast-iron lining, at about 1300°F. 
The fluid melt is poured into a rapid stream of water and completely disintegrated. 
Arsenic passes into solution as sodium arsenate, sulphur as sodium sujphate. The 
metals, silica, alumina, and antimony remain in the residue. The slurry is filtered 
and washed. The arsenic is recovered as calcium arsenate. The cake is dissolved in 
muriatic acid, all metals passing into solution as chlorides. Sulphuric acid cannot be 
used where much gangue is present. 

2. The finely ground material is digested with muriatic acid and niter in a glass- 
lined vessel, the nitrous fumes being recovered in an absorbing system as nitric acid, 
and re-used in the process. If the material is a high-arsenic low-sulphur ore, prolonged 
digestion is usually needed to bring about solution of the metals. In this case, the 
entire charge is placed in the dissolving kettle and heated with steam while agitating. 
If however, the material is a high-arsenic low-sulphur spews, the finely ground material 
reacts instantly and completely with the hot oxidizing acid and is, therefore, fed into 
the acid in a stream at a rate that permits the collection of the fume in the absorption 
system and prevents the reaction from getting out of control. In the resultant solu- 
tion, the metals are present as chlorides, the arsenic as arsenic acid, udth more or less 
elementary sulphur, depending on the amount originally present. The following 
reaction typifies the behavior of arsenical ores: 

5 CoAs 2 + I2HNO3 4- lOHCl + 4H2O 5C0CI2 + lOHaAsOi + 12NO 

Oxidized Material . — After fine grinding, oxidized material is treated directly with 
sulphuric or muriatic acid, the choice being governed by two factors: (1) the physical 
condition of the material after acid treatment, with its effect on handling, and (2) the 
requirements of the subsequent separations. Usually solution in muriatic acid will 
be found advisable in the case of the more complicated materials. This is especially 
true since the present cost of muriatic acid is relatively low. 

Usually, even if the material is finely ground, a considerable time, and heat, will 
be necessary to arrive at anything approaching complete solution. Residues, if they 
contain no important amounts of cobalt or nickel, are not removed after solution is 
finished, since they do not complicate subsequent steps. 

Wet Chemical Separations, Separation of Iron . — ^From large amounts of iron, 
cobalt and nickel are probably best separated, in muriatic-acid solution, by neutraliza- 
tion with calcium carbonate to pH 3.0 to 3.5 and filtering of the resulting slurry. It 
will be necessar}’’ in most cases to use a filter aid such as sawdust, which is added after 
precipitation. At best, filtration and, especially, washing are difficult. It is prob- 
ably adWsable to rcpulp the cake vdth water, acidify to, say, pH 2.0, add more cal- 
cium carbonate to pH 3.0, and refilter. The whole operation should, of course, be 
carried out in a highly dilute condition. In the presence of much silica or alumina it 
may be necessary to raise the pH to 5.0. Arsenic, if present in an amount not more 
than equal to the iron, will be completely precipitated. 

The presence of copper complicates matters severely. If the pH is 3 to 3.5 at 
filtration, most of the copper comes through and can be recovered, but at pH 5 a large 
proportion of the copper is precipitated. 

In the case of lend, most of it will be retained in the cake, but much comes through, 
and will come down in the copper separation, later. 

Antimony will remain in the cake, except, possibly, traces. 

Separation of Arsenic, — So long as sufficient iron is present, arsenic will all be 
precipitated with the iron, probably as FeiAs04. It can be removed from the precipi- 
tate by digestion O^ot) with caustic soda: 

FeAs04 + 3XaOH FeCOH), + NajAsO* 
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Copper also precipitates arsenic in about the same way as iron, probably somewhat 
as follows 

CuCIi + H,AsO« 4* CaCO, -» CuHAsOi + CaCl* + H,0 + CO, 

Arsenic can be extracted from this precipitate with NaOH very satisfactorily, the 
reaction bemg probably 

CuHAsO* 4- SNaOH Cu(OH), 4- H,0 4- NajAsO, 

The extracted arsenic can be converted into calcium arsenate with very little 
trouble This is being done commercially at present in at least one plant in the 
United States The material started with is a speiss containing, m addition to cobalt 
and nickel 2 per cent iron, 3 per cent sulphur, and 9 per cent copper, with 40 per cent 
arsenic In this case it is evident that there is insufficient iron and copper to com 
bine with the arsenic in the calcium carbonate precipitation The metal deficiency is 
made up by adding copper hydroxide slurry The whole la precipitated with calciuai 
carbonate at pll 6 or a little less, filtered and washed on an Oliver filter Most of the 
cobalt and nickel, and a little copper, pass into the filtrate The cake is repnlped 
with water, extracted with caustic soda, and again filtered and washed, the arsenic 
except small amounts, passing mto the filtrate The cake from the caustic filtration 
13 rcpulped with water, and run to storage tanks This slurry provides the copper 
hydroxide added at the first precipitation The volume of copper-iron slurry accuinu 
lates, and the excess over process needs is treated as follows Muriatic acid is added to 
pH 0 5 when everything dissolves except antimony and some iron arsenate Calcium 
carbonate is added to pH 3 0 when all the iron precipitates, carrying down anj arsenic 
that has escaped the caustic extraction, and all but traces of lead and antimony A 
little copper also comes dow n Most of the copper and any cobalt and nickel remain 
in solution, which is filtered off and added to the first filtrate The washed cake is 
discarded, or treated to recover antimony, if warranted 

Separation of Copper— Copper has been separated from cobalt and nickel in 
various ways From a concentrated sulphate solution properly acidified it can be 
done well by electrolysis Most of the older chemical wet methods seem to have 
rehed on soda ash or lime These chemicals produce, at best, a very imperfect 
separation Hydrogen sulphide in acid solution has been used, with success, but its 
j«e leads to hazards that cannot readily be ov ercome Various other ideas ha\c been 
advanced, most of which are impractical Perhaps the best chemical method, which 
has found successful commercial application, is based upon the hjdroljsis that takes 
place when neutral copper solution is agitated in the presence of air at about pH 60 
or a little higher The acid liberated is neutralized with calcium carbonate, and the 
reaction is fairly complete The reaction takes place at room temperature and seems 
to be somewhat as follows 

3CuCl, 4- 2CaCO, + HjO -* 2CuOHa CuCO, 4- 2Caa, 4- 2CO, 

The actual product contams large, but not definite, amounts of CO, The air agrt» 
tion frees the solution of CO, and carries the reaction to completion H a complete 
removal of the copper is desired, a little excess of CaCO, must be used, which will of 
course, remain m the final product A little cobalt and nickel will be carried down 
but these amounts are not important It is not known w betber this is due to copro- 
cipitation or occlusion In any case it is much less than where soda ash is used 

The success of this separation probably is due to the fact that at no time is there 
sufficiently high local or general alkalinity to cause precipitation of cobalt or nickm 

Lead is also earned down by this reaction, and is almost completelj removed 
probably as a basic carbonate 
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The precipitate is granular and filters and washes with ease. The method is 
cheap and practical. The product when dried is light, fluffy, and highly reactive. 

Copper is removed commercially by cementation on very finely dmded nickel, 
prepared by reducing green oxide with charcoal. Probably cobalt would work equally 
well. Temperature for this cementation is given as 82°C. Copper has long been 
removed by cementation on scrap iron, but this has the decided disadvantage of 
introducing ferrous iron into the solution, and in the ultimate reckoning, is far from 
inexpensive. The resultant copper is in poor condition for recovery. It is usually 
smelted. 

Separation of Cobalt from Nickel. — This separation is almost universally accom- 
plished by exploiting in various ways one single fact. In neutral solutions cobalt is 
more readily oxidized than nickel. The oxidized cobaltic compound hydrolyzes and 
precipitates and is filtered off, leaving nickel in solution. The acid liberated by the 
hydrolysis, must, of course, be neutralized, to carry the reaction to completion. 

Probably the earliest application of this reaction was the addition of bleaching 
powder and lime to the neutral solution of the chlorides (the classic Freiberg process). 

2C0CI2 + 4CaOCl2 + 2Ca(OH)2 + H.O -> 2Co(OH)3 + SCaCh 

In working with sulphate solutions, a mixture of sodium hypochlorite and soda ash 
or caustic soda was used. 

2C0CI2 + NaOCl -b 4NaOH -b H.O 2Co(OH)3 + 5NaCl 

It has been done both hot and cold, but it seems fairl}"’ well established that above 
40°C. nickel begins to react readily, and coprecipitate. In any event the separation 
is far from complete. 

The procedure is about as follows: The hypochlorite is added to the mixture of the 
chlorides a little at a time and is stopped when the cobalt^nickel ratio is about 1:2 or 
1 : 3, when appreciable amounts of nickel begin to precipitate. The solution is filtered, 
and the residue is washed, dried, and ignited to the oxide, largely C03O4. This oxide, 
if the w'ork is carefully done, contains 70 to 71 per cent cobalt and about 1.5 per cent 
nickel. The solution is treated further with hypochlorite and alkali, until no more 
cobalt remains in solution, when the slurry is again filtered. 

Only nickel remains in the filtrate. The cake, cobaltic hydrate, containing nickel 
in considerable quantity, is redissolvcd in acid and added to a new batch. 

It is further well established that this procedure sxicceeds only when the cobalt- 
nickel ratio in the original chloride solution is high, f.c., perhaps 10 or 12 cobalt to 3 
or 4 nickel, and in fairly dilute solutions. The lower the cobalt^nickel ratio, the less 
satisfactory is the separation, until in the case of about 1 cobalt to 3 nickel it fails 
complctch\ Probablj^ the optimum concentration of cobalt plus nickel in the original 
chloride solution is about 12 g. per 1. Where the cobalt-nickel ratio is low, the pro- 
cedure is to precipitate the cobalt completely the first time, filter, dissolve, neutralize, 
and reprccipitatc fractionally. This procedure, in certain cases, is insufficient and 
must sometimes be repeated to produce cobalt comparatively free from nickel. 

A better separation was later accomplished by adding to the mixed chloride solu- 
tion just enough calcium carhoimic to neutralize the acid formed on hydrolysis of all 
the cobalt, and passing in chlorine gas until all the carbonate was dissolved. 

4 C 0 CI 2 -f 2Cl2--^2CoCl3 
2CoCl, + 6H2O 2 Co(OH )3 + 6HCI 
6HC1 d- 3CaCO, SCaCh + SH.O + SCO. 

The solution is held at about 20®C. for best results. Much of the cobalt precipitates 
relatively free from nickel and is filtered off, dried, and ignited to oxide. The filtrate, 
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'nhicb IS saturated with chlorine, is treated with calcium carbonate, whereupon the 
remainmg cobalt precipitates, carrj mg down some mckel m the rat o of about 5 1 
This precipitate is treated with acid to pH 3 5 and remtroduced into a succeeding 
batch. This method also succeeds better when the total concentration is low and the 
ratio of cobalt to mckel is high 

Herrenschmidt Separations — The chloride or sulphate solution of cohalt and 
mckel IS divided into two parts in one of which the cobalt and mckel are completelj 
precipitated by hypochlorite, hot The precipitate is filtered and the cake repulped 
with water Both portions are heated to boiUng, and, while agitatmg, the slurry is 
added to the clear solution The following reaction takes place 
Ni(OH), + CoCl, NiCl, + Co(OH), 

The addition is continued until all the cobalt is precipitated, care being used not to 
add too much of the slurry This separation is not very satisfactoiy, and usually 
has to be repeated serv cral times to ensure even moderately good lesultg 

Ferric iron can be satisfactorily separated from a cobalt or a mckel, or a combined 
cobalt nickel chloride, solution by the addition of freshlj precipitated 1m(OH)j or 
CofOfOi This separation is successful if carefully controlled and the quantity of 
iron 13 not too great Isaturally the solution should not contain much free acid at the 
start (say pH 2) The iron will all be down at pH 3 5 

Copper can also be removed in this way, completely, but some cobalt or nickel or 
both will remam in the copper precipitate 

Recovery of Nickel — Nickel remains m solution after the separation of cobalt 
At this stage of the process it is usually associated with large amounts of calcium or 
sodium chloride or both, or, m the case of sulphate solutions, with sodium sulphate 
Magnesium should have been carefully excluded from the process Sulphate solu- 
tions can be concentrated and electrolyzed, and m some cases this may be desirable, 
especially if metalho nickel is sought 

Usually, it Will be necessary to precipitate and filter off the mckel If there is no 
calcium or magnesium present, the separation is usually made with soda ash , all the 
nickel IS precipitated at pH 9 If calcium is present, either lime or caustic soda is 
employed the end point being the same 

In any case, filtration is a problem None of the continuous-type fillers are 
suitable, and great difficulty is encountered using bateb-type pressure filters Ouc 
of the most satisfactory mstallations for this purpose consists of a senes of large 
rectangular tanks, each divided in the middle with a tight partition Twenty seven 
6 X 6 ft vacuum leaves are mstalled m each side of each tank The leaves have 
bottom suction only, so they may be eucked dry 

The slurry is mtroduced into one side of the first tank, and vacuum is applied 
to hudd up a cake about ^ tn tiuck The slurry is pumped ta the other aide cS the 
tank, the volume made up with fresh slurry, and cake built up m the same manner 
The cake on the leaves m the first side is sucked dry and washed down off the jeavrs 
with water at pH 9 It is repulped by violent circulation and drawn off into a ctttrh 
tank By this time the second side has filtered down, and the slurry is pumped back 
into the first side, the cake being treated the same as before Tins provides a senu 
continuous ffitration, the slurry or pulp delivered to the catch tank containing about 
one-tenth the amount of salt present in the original slurry 

Tlie slurry m the catch tank is run through a second filtration and rcpulping 
ronccutration of salts remammg being about Koo of that in the original slurr> Thui 
IS repeated a third and, if neccssarj , a fourth time, when it is seen that if three O®*** 
■were wsed, the saU a reduced theoretically to ooo of its original concentration, «« 
if four cycles, to 1/10,(X)0 Practically these ratios are not attained, but the wasJuE^ 
IS > ery satisfactory , 
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The resultant final slurry is run over drum driers and finally calcined to the oxide. - 
Pulverizing is not necessary after calcining the drum-drier product. The drum-drier 
product itself is a light, highly reactive hydrate (or carbonate). 

In. one commercial operation, the calcined oxide is briquetted with suitable sticky 
carbonaceous material and reduced to metal in an electric furnace. The hydrate 
could be dissolved in sulphuric acid and electrolyzed. It could also be briquetted 
and reduced in an ordinary reverberatory, bearing in mind that nickel requires a 
comparatively high temperature for melting. 

Another method of removing the salts from the nickel slurry is, of course, counter- 
current decantation. This probably is quite practicable, but verj^ large thickeners 
would be necessary, owing to the slow settling rate of the precipitate. The installa- 
tion would be very expensive. 

Cobalt Recovery at Lebanon, Pa. — The original ore as mined from the Cornwall 
ore banks is concentrated magnetically, giving 64 per cent of magnetite product 
(used as an iron ore) which still contains 1.73 per cent of pyritc and some cobalt. 
This cobalt is lost. There are 36 per cent of rejects, which carry 5.63 per cent pyritc 
and 0.0856 cobalt. This reject is treated by flotation after regrinding, giving a flota- 
tion concentrate weighing 5.92 per cent of the feed and carrying 88.7 per cent pyrile 
and 1,39 per cent cobalt. The cobalt recovery is 64.7 per cent in this process, A 
concentrate equal to 1.58 per cent of the reject, high in chalcopyrite, is taken off also. 
(The copper assay is not known, but the chalcopyrite concentrate carries 4,1 per cent 
of its weight in FeSa and 0.0623 per cent cobalt). The tailing from the flotation unit 
(92.5 per cent of 36 per cent) carries 0.41 per cent FeSa and 0.0062 per cent cobalt. 

The pyrite-cobalt concentrate is burned at Baltimore for sulphuric acid, and the 
resulting cinder is then shipped to Wilmington, Del., where it is given a chemical 
treatment that recovers 80 per cent of the cobalt. The over-all cobalt recovery 
compared with the original content of the magnetite reject is 51.7 per cent. 

The Uses of Cobalt. — Cobalt in the metallic state finds few applications because 
its properties are much the same as nickel, which is about one-fifth as expensive. 

1, Cobalt can be dranm into wire that is stronger than either nickel or iron. It 
also has high corrosion resistance to salt solutions and alkalies, 

2. In recent years, the alloys of cobalt have found greatly increased application. 
This is due to their high red-hardness, their wear resistance, and their magnetic 
properties. The most important alloys arc as follows: 

1. Stellite, a very hard nonferrous Co-Cr-W alloy used for cutting tools. 

2. Carboloy, a tungsten carbide containing a large amount of cobalt, also used for 
cutting tools. 

3. A Co-Fc alloy containing 35 per cent cobalt, used extensively as a magnet steel. 
New cobalt alloys developed especially for high magnetic permeability and retention 
arc now available under the name Permalloy. 

4. By replacing nickel with cobalt in the common nickel alloys it has been sho^vn 
that cobalt has a markedly stronger effect on the desired property than nickel. 

5. An alloy of 12 per cent CJo and 85 per cent A1 has a tensile strength 85 per cent 
above aluminum and a liardness 100 per cent above aluminum. It is resistant to the 
action of alkalies and organic acids. 

6. Cobalt-base alloj’S arc used as hard-facing welding rod and special cast and 
wrought products requiring resistance to abrasion or corrosion, such as burnishing 
rollers, bushings, dental instruments, cloth and rubber cutting knives, dies, homogen- 
izing valves, refrigeration valves, centerless grinder rests, turbine-blade shielding, 
scientific mirrors, and parts for manufacturing dry batteries. 

Compounds of Cobalt. — A large percentage of the total cobalt production is 
accounted for by cobalt oxide. Commercial cobalt oxide, Coa 04 assays about 70 io 
71 per cent cobalt. The impurities depend on the method of mamifacture and do 
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not usually exceed 3 per cent A mixed hydrated oxide of cobalt and nickel contammg 
small amounts of copper and manganese is satisfactory for enamel ground coats, and 
the difficult step of separating the cohalt and nickel is avoided The ratio of cobalt 
to nickel in the mixed oxide is the same as it is in the starting material Cobalt 
oxide 18 a necessary component of nearly all porcelain enamel ground coats Although 
used m small percentages, it effectively promotes the adherence betxiecn the enamel 
and the metal As a color oxide, cobalt produces a brdliant blue in ceramic matensl 
With nickel oxide, and iron oxide, it produces black Most blue oil paints contain 
cobalt 

Cobalt compounds have proved valuable catalytic agents in promoting oxidation 
reactions Cobalt naphthenate, resmate, olcate, and acetate are important paint 
and varnish driers In this instance, the cobalt in an oil-soluble form promotes the 
oxidation and polymerization of the drying oil m the punt to form a tough and dry 
film Many organic oxidation reactions are carried out with the aid of specially 
prepared cobalt metal and oxide catalysts, usually m conjunction with other metals 

Some work has been done on cobalt plating which indicated that it is superior in 
some respects to nickel, but cost considerations rule against it In addition, it 
oxidizes more readily than nickel and therefore is not suitable for heatmg appliances 

Cobalt compounds commercially available are as follows cobalt oxide {71 per 
tent Co), cobalt naphtenatc, cobalt sulphate, cobalt chloride, cobalt acetate, cobalt 
rismatc, cobalt oleate Some of the cobalt amines have recently found mdostrial 
application 

Electrolytic Cobalt — While a good deal of secrecy is observed in electrolytic- 
cobalt operations, it is stated that electrolysis is carried on m a bath containing 
200 g per 1 of Co as CoSOi, 50 bone acid, SNaF, at a current density of 23 amp per 
sq ft , usmg lead anodes and stainless steel cathodes ^ The maximum allowable 
concentrations of impurities are Zn, 10 Cd, 1, As"*"*^, 3, As\ 1 Sb, 10 Hg++, 

1 mg per I Up to 100 mg per 1 chromium is only slightly harmful and Ai, Cu, 
Fe, and Mn are not deleterious Cobalt is recovered from the bath, when it 
becomes too depleted, by rccri stallizmg as CoSOi or as CoSOj (NHOjSOi 6HiO, or 
by precipitatmg metals of the second group with HjS under 20 lb persq in pressure 
at pH 4, followed by the familiar iron purification It is said by another experimenter 
that the sodium fluoride can be replaced by sodium chloride and that platmum anodes 
are preferable to lead * 

It 13 also claimed* that cobalt can be commercially precipitated from a cobalt 
sulphate or chlonde electrolyte containing high cobalt, at 100 to 200 amp per sq m 
at 60 to 70“C , keepmg the electrolyte neutral by CoCOj The current consumption 
is said, to be about 2)^^ kw^-hr per kg of Co 
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NICKEL 

By Donald M. Liddell^ 

Ores and Deposits. — Nickel ores are of widespread occurrence throughout tlie 
world. They are found in almost every country of Europe, in Africa, India, China, 
South America, Cuba, and in various localities in the United States. The most 
important deposits, however, occur in Canada, New Caledonia, Norway, and Finland. 
Compared with the first two, the Norwegian deposits arc relatively small, but were 
important during the World Wars, when all their production went to Germany. 
During the height of their prosperity, nearly 80,000 metric tons of ore containing 
approximately 1.20 per cent nickel and 0.50 per cent copper was treated per ycar.^ 
The Finnish deposits which have been developed by the International Nichel Co, 
are the Kaulalunturi mines near Petsamo in north Finland near the Russian border, 
and it is reported that about 5 million tons of ore had been developed, carrjdng 3 
per cent nickel, 1 per cent copper {Mineral Trade Notes 7839, 1940). It is also 
reported that nickel ore occurs in the southeastern part of Finland in the Nivala 
district, south of Oulu. The International Nickel concession has been taken over 
by the Russian government. 

There arc some recent developments in Brazil on which no exact information is 
o])lainablc, but these may also be important. The lateritic iron ores of Cuba, the 
D\itch Indies, and the Philippines may also be important future sources of nickel. 

The existence of nickel ore in New Caledonia has been known since 1865, and the 
deposits have been worked since 1875. From the latter date until the end of 1915, 
about 2,245,354 metric tons of ore was exported.^ Additional ore smelted on the 
island produced 26,368 tons of matte, containing about 45 per cent nickel. It is 
estimated that the contents of the ore and matte amounted to 156,394 tons of metallic 
nickel. During recent years the tonnage produced has declined rapidly. Previous 
to 1881 the ores produced contained from 10 to 12 per cent nickel, but since that time 
the grade has been steadily falling off until now it is about 5 per cent. In the 5 years 
1916-1920 there were 76,113 metric tons of ore and 23,511 metric tons of matte 
exported. From the end of 1920 to the end of 1935, ore exports were negligible, but 
72,492 tons of matte was exported. In the 4 years 1936-1939 about 29,000 tons of 
matte and over 106,000 tons of ore was exported. This of course was due to Axis 
stock piling. The ore may be assumed to have carried about 5 per cent nickel. 
Detailed figures have been published for the period 1927-1939 as to the matte tenor; 
72,030 tons of matte exported in those years (included in the statistics given above) 
arc said to have averaged 75.8 Ni. The New Caledonia ores consist principally of 
noumeaitc or garnicrite, a hydrated nickel-magnesium silicate, to which the formula 
(Ni,]Mg)Si 03 .Il 20 has been assigned. The ore, as mined, contains 20 per cent or 
more of hygroscopic moisture, besides about 10 per cent combined water, and is dried 

* ConsuUini; cnpmt'er, New York, 

* “Mineral Induytry,” p. 8S7, 1918, 

* Report Ro\*al Ontario Nickel Comiuiitsion, p. 247, 
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before shipping A complete analj^is representing an average of the 7 per cent ore 
after drying at 100“C la aa follows ^ 


P*a Cewt 


SiO, 

42 0 

MgO 

22 00 

CaO 

0 10 

AI,0, 

1 OC 

Fe,0, 

15 00 

NiO 

9 00 

CoO 

0 15 

TvlnO, 

0 TO 

H,0 

10 00 


99 95 


The absence of copper and sulphur la particularly noteworthy The Canadian orea 
contam both and to this fact 19 due the different methods of smelting and refinuig 
used There is no information available as to whether or not the New Caledonia ore 
contains any of the precious metals In any event, none are recovered 

The New Caledonia deposits of nickel are associated with a very basic rock which 
13 now largely altered into serpentine The nickel mineral is found in small veins m 
the serpentine and as concretions enclosing undecomposed rock masses The gar 
nientc is an alteration product, m which the nickel replaces the magnesia of the 
serpentine ^Yhen pure, the color is green, but the presence of iron causes a wide 
variation, passing through jellow and brown to almost black The deposits are 
alw ays found m the form of shallow beds on the slopes of spurs from the mam moun- 
tain range of the island, and at elevations of 400 to 2500 ft 

By far the most important deposits of nickel known at the present day are tho«e of 
the Sudbury district, Ont , Canada Nickel ores have been discovered at a number of 

points in Canada, but from two only, besides the deposits of the principal district, 
lias there been any production These are the Alexo mine on the Temiskaming & 
Northern Ontario Ry , near hlatheson, Ont , which shipped ore for a number of years 
to the Mond Nickel Co 's smelter at Comston, and the Cobalt silver district where 
nickel, chiefly in the mineral niccohte, is found associated with the silver, and la 
recovered as a by product at the various plants n here the silver bullion is produced 
The ores are closely associated with a pre-Cambriau intrusion of noritemicro- 
pegmatite rock, which encloses an oval shaped area of later sedimentary rochs 
The longer axis of the oval lies in a northeasterly southwesterly direction and » shout 
33 tmles m length The width js about 13 milM The enclosing norite ring, which 
13 acid in character toward the mner part and shades to a basic composition as it 
approaches the outer edge, has a varying width of 2 to 4 mdes hlost of the known 
deposits are found at the outer or hasic edge of the nonte, but some important ore 
bodies known as "offset deposits” have been worked at a distance of several miles 
from the basnic edge 

The ore consists mainlj of magnetic iron pyrites, or pyrrhotite, always mixed with 
more or less rocky matter or gangue, hut often remarkably free from it and then 
massive and close grameil in appearance Vanous formulas have been worked out for 
the pyrrhotite, but, on the whole, it corresponds very closely to Fe»8* Copper, la 
the form of chalcop>Tite, CuFeSs, is alwaj s present, frequently in sufficient quantity 
to be easily distinguishable by the e> e The nickel mineral, however, is so jnliniately 
associated with the pyrrhotite that, ui general, nothing short of a chemical analysis w ill 
< ' Miarral Induatrr p 802,1918. 
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establish its presence. By the use of a magnet on the finely ground ore from selected 
specimens free from copper, and by the exercise of a good deal of patience, it is possible 
to separate the ore into a magnetic and a nonmagnetic portion. The former will 
consist of barren pyrrhotite, while the latter will be the nickel-bearing mineral. 
Careful work of this kind has shown the nickel mineral to be pentlandite,^ (Ni,Fe)uSio, 
containing Ni 36.0 per cent, Fe 30.4 per cent, and S, 33.6 per cent. Another nickel 
mineral, polydimite, NisFeSs, is met with in some of the mines in readily distinguish- 
able masses, but, although such occurrences are very rich in nickel, polydimite is of 
secondary economic importance. Of interest only mineralogicaUy are such minerals as 
millerite, NiS, niccolite, NiAs, and gersdorfhte, NiAsS, which are found occasionally. 

All ores mined contain, in addition to the copper and nickel, small amounts 
of the platinum-group metals, as well as a little gold and silver. These metals are 
concentrated during the smelting operations and are collected in the matte which goes 
to the refining process. No reliable analyses are available of the precious-metal con- 
tent of the ores, but the following analyses^ of two samples of converter matte, 1 ton 
of which represents 16 to 25 tons of ore, indicate that the amounts present in the ores 
are small: 


Ounces per ton 


No. 1 


No. 2 


Gold 

0.027 

0.256 

Silver 

1.840 

6.155 

Platinum 

0,1235 

0,988 

Palladium 

0.197 

0.984 

Iridium 

0.046 

0.065 



Though the amount of the precious metals in tlie ores is not large, their recover^' 
from the matte makes the International Nickel Co. the world’s greatest source of the 
platinum-group metals. 

TJie gangue rock associated with tlie ore is, in general, of two kinds, acid and basic, 
with tlic latter predominating. The acid rock is mainly granite from the foot wall. 
The norite forms the hanging wall and some is found mixed through the ore, as is also 
an associated greenstone. Tlie analyses^ at the top of page 596 are tlie averages of 
a number made on each kind of rock. 

The ore as shipped from the mine seldom contains less than 30 per cent rock, and 
may have 50 per cent or more. 

Smelting of New Caledonia Ores. — The recovery of the nickel from the New 
Caledonia ores, which contain no copper, sulphur, or other element that might 
be expected to add to the difficulty of treatment, would, at first glance, appear to 
be a simple matter. The method of treatment originally proposed was to mix the 
ore vdth limestone to flux the siliceous gangue, and smelt the mixture with sufficient 
coke to reduce the nickel and furnish the necessary heat to produce liquid slag. 
The removal of the gangue as a molten slag could be accomplished readily enough, 
but the reduced metal or “fontc,” containing about 65 per cent nickel along with 
considerable iron, proved difficult to deal with. It could not be bessemerized directly 
wliile still liquid, nor would it easily be broken up for further treatment after it had 
solidified, hloreover, as the coke used always contained a certain amount of sulphur, 

i Dr. C. W, Dickson. 

* Report Royal Ontario Nickel Commission. 

* Coleman, A. P., “The Nickel Industry,** 








59r 


NONFBRROUS METALLURGY 



Per cent 

Acid 1 Basic 

SiO, 

67 862 

52 770 

AI,0, 

1 12 688 , 

18 943 

Pe,Oi 

' 1 740 

0 283 

FeO 

5 072 

9 140 

MgO 

1 164 

4 940 

CaO 

, 2 468 

7 617 

Na^ 

1 3 656 

2 597 

K,0 

2 780 

1 330 

HjO 

' 1 050 

1 263 

TiOj 

0 456 

1 097 

P»Oj 

1 0 178 

1 300 

MnO 

0 036 



j 99 452 

99 760 

Specific gravity 

1 2 718 

2 897 


and as this was taken up with avidity by the reduced nickel, it precluded the use of 
the fonte directly as ferronickel The absence of the sulphur in the original ore 
proved to be only an apparent, and not a real, advantage AMien these facts came to 
be recognized, the method now in use w as adopted 

The present treatment is based on the production of a matte by adding suitable 
fluxes and sulphur beating material of some kind Gj psum is the usual source of the 
sulphur, but alkali waste, chiefly calcium sulphide, or even pyrite may be used It 
is eustomar) to briquette the ores with the necessary flujces and any flue dust that is 
recovered The briquettes, ‘ after air drjnng, are smelted with 33 per cent coke lo 
water jacketed furnaces, produemg a matte containing between 30 and 45 per cent 
nickel and a slag assaj mg 0 30 to 0 40 per cent nickel The furnaces originally used 
had a capacity of only about 20 tons per daj , but the larger ones now operated have a 
capacity of lOQ to 120 tons per 24 hr The following analyses gi\e the composition of 
the furnace charge and the resultant slag * 


Per cent 


1 

1 

SiO, 

A1,0, 

FeO 

Fe,0, 

MgO 

CaO 

SO. 

1 

H,0 

Ore 

Briquettes 

Slag 

41 50 
37 40 
45 60 

3 5 

8 12 

I 1 

10 12 

9 19 
11 IS 

1 

1 20 22 
18 20 

1 17 22 

1 

3 5 

9 14 

1 

5 7 

8 11 
10 12 


The matte produced in the smelting operation is bessemerized in small converter 
a Bihceous flux bemg added to slag off the iron oxide formed The product from the 


* GovsjiKs Non ferrous Metallurgy 
^ Report Royal Oatano Nickel Cotnmieaion 
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converters contains approximately 80 per cent nickel and 20 per cent sulphur, with the 
iron usually not over 0.25 per cent. It is next ground in ball mills to pass through 60 
mesh and then roasted till free from sulphur, giving practically pure nickel oxide, which 
may then be reduced to metal by means of carbon or other reducing agent. The 
nickel oxide and the reducing agent are ground together and briquetted into either 
“rondelles,” circular disks about 2 in. in diameter and in. thick, or K-in. cubes, 
to meet the requirements of the market. The reduction is carried out by heating in 
liorizontal retorts to bright redness for about 48 hr. The rondelles or cubes, when 
ready for the market, contain about 99.25 per cent nickel. 

Canadian Smelting. — There' are three Canadian plants treating nickel ores: 
Copper Cliff, which produces a blister copper for refining to electrolytic copper and 
an impure nickel to be refined to pure nickel or to nickel oxide. Coniston, the old 
smeltery of the Mond Nickel Co., which produces nickel matte serving as the raw 
material for Monel metal and white metal which goes to Copper Cliff for separation 
of the nickel and copper. Falconbridge, which normally sends its matte to Kristians- 
sand, Norway, to be refined by the Hybinette process, but which is at present shipping 
its product to be refined by the International Nickel Co. 

The International Nickel Co., Ltd. — ^The latest practice described[6l is based on 
crushing all the ore and giving it a bulk rougher flotation, which recovers about 95 per 
cent of the copper and 85 per cent of the nickel. The rougher concentrate is then 
cleaned selectively three times, splitting it into a final copper concentrate, carrjdng 
about 1 per cent Ni, and a final nickel concentrate. The tailings from the first rougher 
flotation are given a final flotation, which produces an impure concentrate that is 
cleaned from silica, the cleaned concentrate being added to the final nickel concentrate. 
The entire flotation tailing is finally tabled, by which some arsenides carrying pre- 
cious metals are recovered. This arsenide concentrate is also added to the nickel 
concentrate. 

Nickel Concentrate Treatment. — The nickel concentrate is roasted in Herreshoff 
furnaces, one being placed over the burner end of each reverberatory in which the 
smelting is done. These reverberatories are 110 X 24 ft., and the feed is 82 per cent 
calcines, 15 per cent sand, and 3 per cent scrap. All exhaust gases are passed through 
Cottrell precipitators, and the recovered dust is returned to the reverberatories. 
The matte from this reverberatory smelting goes to 13 ft. diameter Peirce-Smith con- 
verters. These are fluxed with barren sand, blown in with a Garr gun, and the charge 
Ls blown to *Svhite metal.” The product runs approximately 48 per cent Ni, 27 per 
cent Cu, 2 per cent Fe, and 23 per cent S and goes to the so-called Orford department, 
for top and bottom smelting to separate the nickel and copper. 

Top-and-bottom Smelting. — ^The white metal from the Peirce-Smith converters 
is smelted with sodium sulphate and niter cake in cupolas 198 in. long and 483^^ in. 
wide; the flux is reduced to sodium sulphide in which copper sulphide is much more 
soluble than is nickel. The fused product is allowed to solidify, the lighter copper 
sodium sulphide forming the “first tops,” which carry about 40 per cent Cu and 4 
per cent Ni, and the heavy nickel sulphide forming the “first bottoms” (approxi- 
mately 65 per cent Ni, 9 per cent Cu). When cold, the tops and bottoms separate 
readily, 

Tlicse first bottoms are again smelted with niter cake or sodium sulphate, the 
second “tops” running about 15 per cent Cu, 12 per cent Ni, These are returned to 
the first smelting. The second bottoms contain about 72 per cent Ni, 2 per cent Cu, 
and go to the nickel-recovery plant. 

Tlie first tops, containing the bulk of the copper, as already indicated, are bes- 
scmcrized in Peirce-Smith converters, 10 ft. in diameter, 35 ft. long, with blast at 16 
lb. pressure. The sodium sulpliide oxidizes to sodium sulphate, in which neither 
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copper nor sulphide is soluble, the sulphate going back to the smelting furnace* 
During this Idon the converter should be ruu below the temperature at which eitlcr 
sodium fulpl ate or sodium sulphide is volatile, which results in the accumulation rf 
some heav\ metal «coria in the conv ertcr 

The copper sulphide after it is freed from the sodium sulphide is transfcrml to 
clay Imed converters where it is overblown to free it from nickel The blister 


Bessemer kfafta 



saturated with CujO, goes to the copper refinery, while the high nickel conrrrtcr 
slag goes back to the nickot rev erbcralories 

CoaistoQ Plant. — The Coniston Plant is that formerly owned by the Mom! Nick' 
Co and w about 8 miica cast of Sudburj At the time of the latest authontatn* 
information coneeming it(C| it had b« sintering machine, four blast fumaf« 
five PcircrsSmith convetlctw Tim ore twiteil vs w coatw twagwetw ore 
FiwkI mine, and magnetic ore from the Creighton nunc, liotli coarse and fine Dr 
high-grade matte from the Creighton ore, carrjmg nliout 2Ni ICu w *hippr« 
the International Nickel Co 'a plant at Huntington, Va , for the piwluctien e 
Monel metal The high-grade matte from the straight Frootl ore or from lhein»t“ 
of hrood and Creighton ores goes to the (Word plant, desenbed aliove 
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The sintering machines are 42 X 396 in. Dwight-LIoyd carrying a 6-in. layer of 
charge. Fuel oil is used to ignite the charge, which is reduced from about 15 per 
cent to 10 S. Each machine treats about 250 tons per day of a mixture of flue dust, 
fine ore, and limestone. 

The blast furnaces are 50 X 240 in. at the tuyeres and discharge into 18 ft. diam- 
eter settlers. The furnace jackets come down only to the top of the crucibles, which 
are 24 in. deep. The crucibles and settlers are lined with magnesite brick. 

The furnace matte is converted in 13 X 30 ft. Peirce-Smith converters, using 
barren sand and low-grade ore as a flux, to produce white metal and a slag analyzing 
about 28 per cent SiOj. The white metal is poured into cast-iron molds, allowed to 
cool, and then broken up for shipment as already described. The converter slag is 
returned to the furnace settlers. 

Port Colbome Operations. — ^At Copper Cliff, there are two types of nickel sulphide 
(white metal) produced for the operations of the Port Colbome refinery: the so-called 
regular^' sulphide, averaging G9 to 70 per cent Ni, 27 per cent S, and 0.25 per cent 
Fe; and the ** high-copper” sulphide, containing about 72 per cent Ni, 25 per cent S, 
and 0.4 per cent Fe. Most of the gold and silver in the original ore has followed the 
copper and has gone with the “tops,” but the bulk of the platinum group remains 
with the nickel in the bottoms. 

For the production of nickel oxide for the market, the “regular” sulphide is used. 
It is ground in ball mills to 0.027 in, and is transferred to lead-lined'concrete tanks 
with filter bottoms. These tanks are partially filled with water, and the crushed 
matte is sifted in through gratings, which prevents lumping and packing. When the 
tank is filled, it is first leached with hot water to remove the sodium sulphide. The 
strong sulphide liquor is sent to storage; the dilute wash waters go to waste. 

The washed nickel sulphide is treated wdth 10 per cent sulphuric acid, which 
removes about 50 per cent of the iron in the nickel sulphide, z.e., the iron will be 
reduced from about 0.25 to 0.12 per cent. Some nickel is also dissolved, so that the 
solution from this step must be treated to recover the dissolved nickel. 

The leached oxide is roasted in Edwards furnaces where in the mechanically 
operated hearth the sulphur is reduced from 27 per cent to less than 4 per cent. The 
material is mixed at this point with sodium chloride and is roasted at a low tempera- 
ture in a hand-rabbled hearth. This chloridtzcs most of the copper and a small 
amount of nickel. The roasted material is leached in the same way as was done to 
remove the sodium sulphide, the strong leaches being treated to recover the copper 
and nickel, the weak washes being used for the first washing of further chloridized 
sulphide. 

The leached chloridized material has a greenish tinge and is known as “green 
oxide.” It contains about 77 per cent Ni, 0.1 per cent Cu, and 0.4 per cent S. It is 
roasted at about 2300®F. after mixing it with soda ash to remove most of the sulphur. 
It then is again leached, and after leaching it contains about 77.5 per cent Ni, 0.25 
per cent Cu, and 0.005 to 0.008 per cent S, in which condition it is known as black 
oxide. The nickel and copper in the acid leach of the sulpliide and in the chloride 
leach of the black oxide arc recovered by precipitating them \dth the sodium sulphide 
from the first hot-water leach. The precipitate is recovered by filter pressing and goes 
back to the Copper Cliff smeltery, 

“High-copper” sulphide for the production of anodes undergoes the same leaching 
treatment except that it is not ground so fine. After being dried, it is sintered on 
Dwight-Lloyd machines to give a product containing not over 0.4 per cent S. 

Sintering Operation, — In this operation it is neccssarj" to return a large amount of 
the sintered material, since it has been found that in order to secure a 0.4 per cent S 
product the feed to the sintering machines cannot be over 6 per cent S. Conse- 
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quently, enougli retunis must be used to dilute to this sulphur coutent Oi\ fired 
muffles are used to start the ignition, and coke breeze is mixed with the charge to 
assist combustion Nickel sulphide (high copper) for the nickel refiaerj at CSjdach 
Wales 13 partially processed at Port Colborne It is crushed, ground, and leached 
just as in the ‘regular” sulphide treatment, and then is partially roasted m an 
Edwards all mechamcal furnace to a sulphur content of 6 to 7 per cent It la then 
shipped m barrels to the refinery at Clydach 

The crude onde or sinter is crushed to J^-in mesh and is muted with crushed lour 
ash bitummous coal m a drum mixer This mix la charged into oil fired reverheratorica 
The oxide is reduced to metal, melted, and worked to flat pitch, then tapped into 
anode molds and sent to the electrolytic department 

It pure nickel oxide is being worked with, such as the precipitate from ammonia 
carbonate leaching, it is mixed mto a paste uuth flour and made into pellets that are 
heated in retorts with charcoal for 48 hr at 1200 to 1300°C , for the production of pure 
nickel 

Electrolytic Department — The anodes produced from the crude sinter cany 
approximately 95 per cent nickel, 2 to 2)^ per cent Cu, 0 75 per cent Fe, and 0 7o per 
cent S The anodes are cast with lugs for supporting them in the tanks and are about 
27 X 38 m , weighing 480 lb each Fourteen anodes are placed in a tank 

The electrolytic tanks are constructed of remforced concrete, mastic-hned, and arc 
built m pairs The electrolyte contains about 40 g Ni, 20 g bone acid, and 3o g 
NaiSOi per liter The cathodes are placed m compartments made of canvas on 
wooden frames and the punfied electrolyte is fed mto the cathode compartment The 
anolyte flows out through rubber pipes built into the tanks 9 in above the bottom, and 
discharging at the top through Spill boxes fitted with wooden weirs 

The electrolyte is kept free from copper by cementation m wooden pachucas on 
gram nickel Several of these tanks are used in series The overflow from the laat 
pachuca tank goes through a Dorr thickener, and any gram nickel earned overgoei 
back to the first pachuca The solution from tJie Dorr thickener then goes through a 
set of tanks mto which air is blown, which oxidizes and precipitates the iron as basie 
sulphate and as hydroxide, along with some nickel The solution is then filter presscil 
and returned to the electrolytic circuit The gram nickel used m the pachucas k 
produced by reduemg nickel oxide with water gas at a temperature below the mvltinj 
pomt of nickel 

Staiting-sheet Manufacture — Startmg sheets are produced by platmg nifld 
on alummum or stainless steel blanks The thm sheets after stripping are fitted with 
Buspenaion straps or loops cut out of startmg i^eets and attached by spot welding or 
clamp punches 

Mond Process — The coarsely calcmed matte from Port Colborne is first roasted 
to about 1 per cent S, and is then ready for the refinmg process In prmciplf tk** 
consists of a reduction to metallic nickel by a mixture of hydrogen and carbon monoz 
ide, the volatilization of the nickel as nickel carbonyl, Ni(CO)« and the decompon 
tion by heat of nickel carbonyl into nickel and carbon monoxide In practice the 
calcmed ore passes through six reducers m senes, then through six volatilizeis m 
series, which volatilize about one-third of the nickel as carbonyl The residual 
material is mixed with a little fresh material and passed through two more reducen 
and four volatihzers and then receives a final reduction m one reducer and then passe* 
through three more volatiUzersIS] 

On the basts of about 5 hr in each reducer and 1 6 hr m each volatdirer, this ineas* 
about lOJ^ days for the passage of the ore through the plant 

The reducers are vertical gastight structures, built up of 21 cylindrical cast « 
sections, 6 ft m diameter, with a central hole 22 in m diameter la 
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box or section is fitted a horizontal cast-iron plate with a central hole and six 
supporting lugs, which fix the plate in the middle of the box. A central 
vertical shaft carries and rotates a series of scrapers on each box and plate. The 
material falls on the top plate, is pushed to the outer edge by the scrapers, and thence 
falls to the bottom of the first box. From this position it is pushed to the central hole 
through which it falls to the next plate, and so on, until it enters an exit conveyer at 
the bottom. 



A reduction temperature of 350 to 400® C. is maintained by a hot-air circulating 
sysloni. Theoretically, the reduction is interesting in that it takes place at so low a 
temperature that the carbon monoxide effects only about 3 per cent of the reduction 
and the hydrogen about 97 per cent. Tlic reaction with the hydrogen, although 
endothermic, is, at the temperature employed, twenty to foi ty times as rapid as is the 
exothermic reaction with carbon monoxide. The result of this relationship is to give 
an end gas that is Idgh in CO after condensing the water-vapor out of it and, hence, is 
admirably suited for \ise in the volatilizcrs. 

The volatilizcrs are similar in design to the reducers except that no external heat 
IS necessary. The reaction is exothermic and radiation must be employed to keep the 
temperature from rising about the optimum of G0®C. The reduced material travels 
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down through the volatilizers, where it comes in contact with the high CO gases, 
travehng upward 

Decomposihon of Nickel Carbonyl — In the decomposmg apparatus the nickel 
carbonyl comes into contact with nickel pellets heated to a temperature of about 
180*C The nickel is deposited on the pellets, and carbon monoxide is hberated 
Close temperature control is necessary, for above 200°C the carbon monoxide begins 
to break down into carbon and carbon dioxide 

The decomposer is made up of a cylindrical cast-iron base in two pieces, carrying 
BIX cast-iron decomposer boxes, one above the other Each box has an external gas 
ring with burners, and is heated by producer gas Each decomposer is filled with 
about 9 tons of nickel pellets before being put in circuit The bottom box is fitted 
with a conical piece through which the pellets flow, past an adjustable baffle plate to a 
bucket elevator that returns them to the top The pellets grow as they circulate and 
the larger pellets are screened out of the circuit 

The incoming nickel carbonyl gas is supplied to a central vertical tube and passes 
from this through shielded outlet holes in the middle of each decomposer box After 
percolating between the pellets and depositing its nickel, the gas leaves through a 
water-cooled outlet rmg placed between each pair of boxes, is collected m a common 
vertical mam, and is recirculated through the volatihzers in a closed circuit, wastage 
being made up with carbon monoxide formed by the decomposition of hquid mckd 
carbonyl supplied by the so-called “medium pressure plant “ 

Medium-pressure Plant. — The material discharged from the thirteenth volatihzer 
(see page 600) is recalcmed and fed to the medium-pressure plant Here it agam 
passes through reducers and is then charged to a number of pressure volatilizers, in 
which it 13 subjected to the action of gases contaimng about 60 per cent carbon monox 
ide at a pressure of 300 lb per sq m The exit gases from these volatilizers pass 
through coolers, where the bulk of the nickel carbonyl is condensed as a liquid The 
residual gases are expanded to atmospheric temperature, and the residual nickel B 
recovered m decomposers of the standard type The liquid nickel carbonyl is then 
used for the production of make-up carbon monoxide [6] 

The Hybmette Process — This process was employed by the British Amencao 
Nickel Cotp , at its refinery at Deschenes, Quebec Bessemer matte of the following 
composition — Ni, 53, Cu, 28, S, 18, and Fe, 0 25 per cent — was produced at the com 
pany’s smelter at Nickelton, Ontario The matte was granulated and shipped to the 
refinery The granulated matte was screened through 10 mesh and charged Uito 
cementation tanks, through which flowed the foul electrolyte from nickel plating 
tanks Bessemer matte was semimetaUic, and the metallic portion cemented the 
copper, an equivalent amount of nickel went mto solution To facihtate this metal 
transfer, each tank was equipped with hard lead steam coils (about TO^F isneccsaorj) 
The coqijfir opposite 

directions through a heat mterchanger m which a part of the heat in the purified hqwr 
was transferred to the foul liquor before entermg the cementation tanks 

The spent matte from the cementation tanks, then containing about 44 per cent 
Cu and 38 per cent Ni, was excavated and sent to eight-hearth Wedge roasters, an 
roasted to about I per cent S The hot calcines passed over a screen, the oi'crsixe 
was crushed and returned to roasters, and the fines were discharged mto « launder 
through which leachmg solution conveyed them to leaching tanks of about 90-toa 
capacity This leachmg solution was depleted electrolyte from the copper plating 
tanks (30 g per 1 of Cu and 80 g per 1 of HjSOi) j ii 80 

The copper-ennehed solution from leachmg tanka (Cu, 50 g per 1 , and HiSwi 
50 g ) passed through clarifymg cones and thence to a senes of three-tank * 
electrolytic deposition tanks These tanks were lead Imed and contamed eight ca 
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odes and nine lead anodes. The overflow from the third tank of the series returned 
to roaster launders as leach liquor. 

As a certain amount of nickel was dissolved with the copper and accumulated in the 
copper leach liquor or electrolyte, a portion of the spent electrolyte was continuously 
removed and passed through a separate series of plating tanks, where the copper was 
practically all removed. This copper-free solution was evaporated and the nickel 
crj^tallizcd as single nickel salts (NiSOi.THjO). Mother liquor, rich in acid, was 
returned to leaching tanks. 

Converier Afafie 



Market 


Fig. 3. — British-American Nickel Co.*s flow sheet. 

The nickel electrolyte was also continually enriched with nickel in the cementation 
tanks, \Yhere the copper cemented on the matte was replaced by an equivalent amount 
of nickel. It was necessary, therefore, to withdraw continually portions of the solu- 
tion, which was evaporated and crystallized as above. The leached, roasted matte 
was excavated, mixed vdth coke breeze and limestone, and melted in a three-phase 
resistance furnace. The metal was tapped intermittently into a brick-lined ladle 
and poured into cast-iron anode molds (24 X 36 in,). Anodes contained about 
65 per cent Ni, 29 per cent Cu, and 0.40 per cent Fe. 

The anodes were encased in bags to catch slimes and suspended in lead-lined tanks 
{36 anodes and 35 cathodes). Cathodes consisted of iron or copper plates (24 X 36 
in.) suspended in “Hybinette bags,*^ consisting of wooden frames with canvas sides, 
acting as diaphragms. 

Copper-free nickel electrolyte from cementation tanks (previously described) was 
fed to cathode bags through rubber tvibes from a lead licader at a rate sufficient to 
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maintain a head of about 1 in over the level in the anode comparlnicnl This nag to 
prevent anolyte containing copper from flowing into the cathode bags and contami 
nating the nickel Nickel sheets weighing about 30 lb were stripped from cathodes 
about every 10 day s, washed with dilute sulphuric acid, and cut into small squares for 
shipment Or they were melted in the electric furnace and cast into ingots 

Electrolytic nickel analyzed about Ni, OS 25, Co, 0 75, Cu, 0 03, Fe, 0 50, C, 0 10, 
and Pb, 0 20 per cent 

Anode scrap was remelted and cast into molds Slag from the melting furnace 
was shipped back to the smelter for re-treatment Slimes from the anode tanks nere 
treated for the recovery of precious metals 

Originsllj the cathodes nere pamted with graphite before being placed in the 
tanks, but a dip in sodium sulphide solution w as found to result m easier stripping 
and Bmootber deposits Frequently, however, patches of nickel were hard to detach, 
and when the cathodes were replaced in the tanks, trees grew around their edges If 
dipped m sodium sulphide, these patches became permanent, or nearly so, and in this 
case, graphite was used on the cathode surface, being omitted in the nickel patch 
The latter usually then came off with the next deposit, when the sodium sulphide dip 
would again be used 

Nickel startmg sheets were experimented with, but m so acid an electrolyie, mter 
nal stresses were set up that made the sheets curl when stripped and rendered them 
useless as starting sheets MTiile a separate startmg-sheet section might ha\e cured 
this, it seemed an undesirable comphcation 

Alum mum sheets were also experimented with The difficulty was m making the 
plates just rough enough to strip easily without having the deposit flake off m the 
tank Light sandblasting at frequent interyals kept the plates in this condition 

NICKEL RECOVERY METHODS ON OXIDIZED ORES 
Ore Reserves — Apart from various deposits of completely oxidized ore where 
there is little heavy metal content except the nickel itself, there are immense bodies 
of latentic iron ore m various parts of the world, Cuba, Puerto Rico, Gold Coast, 
Greece, Celebes Islands, Java, and the Philippine Islands Probably the most 
important are the Cuban deposits, w here some authorities have estimated as high as 
3,000,000,000 tons of latent es carrying in the neighborhood of i per cent of mekek 
An outstandmg feature of the metaUurgic experimentation of the last few years 
has been the attempt to treat these ores for recovery of the contamed nickel 

Over 100 different patents have been taken out covermg these processes Spsce 
limitations prevent an exhaustive survey, so it is the author’s mtention to descnheonlv 
four which are based on radically different procedures These are ammonia ammo- 
nium carbonate leaching as exemplified in the Caron process and its development bi 
the Freeport Sulphur Co , the voUtihzatian of nickel as nickel carbonjJ, selective 
chlondizing; and selective sulpha ti ration 

Freeport Sulphur Process —This project of the Freeport Sulphur is the most 
ambitious attack, that has ever been made on the problem of treating latentic ow 
The ore is reduced by a mixture of carbon monoxide and hy drogen and then is cool™ 
to the temperature at which nickel carbonyl might be formed in such a concentra^n 
of carbon monoxide that nickel carbonyl is not formed in perceptible quantities The 
reduction temperature is stated to be about 800 to 850®C 

The ore after coohng is treated with a mixture of ammoma and ammoraum ca 
bonate The ore must be kept from oxygen until after the solvent is in contact wt 
It, but after the solvent is applied, some aeration, or oxygenation is necessary ittOidtt 
to cause the nickel and cobalt to dissolve The nickel apparently goes into solution 
AS NiCO, 3NH» After filtration, the solution is heated and basic nickel carbons ei 
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precipitated. Pawel states {Mining and Melallnrgy^ August, 1943, page 360) that the 
nickel can abo be easily deposited in metallic form by electrolysis of the solution and 
that if this process is followed there is less likelihood of losing ammonia than there 
is in drmng off the ammonia and then condensing it. The greatest difficult}’' in the 
process is this matter of ammonia losses, either through nonrecovery of the ammonia 
driven off by heat from the solution, or adsorption losses from ammonia clinging to tho 
finely divided iron oxide of the ore. It is possible in laboratory work to separate the 
cobalt and nickel by careful control of the heat, but it has not been proved that this 
can be done on the commercial scale. ^ The finely dmded nickel oxide absorbs sulphur 
readily, and if it is dried in contact vdth combustion gases containing SOj or SOs, an 
impure product will result. 

Nickel Carbonyl Processes. — The Simpson process (U- S. patent 2212459 of Aug. 
20, 1940) is based on one of the most extensive sets of experiments ever run on tho 
treatment of nickel ores by the carbonyl process. The ore is reduced and the reduced 
ore is treated with pure carbon monoxide at 40 and 80°C., which forms Ni(CO )4 
mixed with a very small amount of rc(CO)fi. The nickel carbonyl is fractionally 
distilled from the iron carbonyl, and the temperature is raised, decomposing the 
nickel carbonyl into nickel and carbon monoxide. This decomposition is usually 
carried out at about 200°C. The reduction takes place at about 500 to 700°C. using 
water or producer gas as the reducing agent (U.S. patent 2221061). 

This whole process is of course an extension of the classic work done by Dr. Ludwig 
Mond, on which he based his British patents 12626 of 1890 and 8083 of 1891, his 
original processes still serving for the refining of nickel at the Clydach Works in AVales. 

It may be noted also that the celebrated James Dewar worked on this process, 
investigating particularly the effect of pressure on the decomposition temperature of 
nickel carbonyl. 

Chlorine Process. — Many inventors have worked with the idea of chloridization, 
the earliest American patent known to the author having been taken out in 1909 by 
Adolphe Seigle. The well-known German metallurgist C. A. Brack elsb erg took out 
a selective chloridization patent as early as 1914, Both Charles Hart and E. W. 
AVescott worked on chlorine volatilization processes. AA^escott completely volatilized 
the iron as ferric chloride, nickel and cobalt chloride being left behind. Hart vola- 
tilized only a portion of the iron, which he recovered as AA'^escott did also, by burning 
the ferric chloride to ferric oxide and chlorine, leaving a residue greatly enriched in 
cobalt and nickel (and chromium it present), which he proposed smelting to ferro- 
nickcl or to 18-8 stainless steel. Unfortunatel}' there is a tendency to form basic 
chlorides so that the residue is not admirably adapted to blast-furnace smelting. 

’ That selective chloridization has been considered has been spoken of above. A 
great number of these processes have been patented, of which the best in the author's 
opinion is the process of E. AA’'. AA^escott (U.S. patent 2036664 of Apr. 7, 1936). The 
ore is treated with a mixture of gaseous hydrochloric acid and water vapor between 
180 and 300°C. If the temperature is too low, tliere is excessive chloridization of the 
iron, which is also the case if pure hydrochloric acid is used. Under the conditions 
laid down by the inventor, there is little chloridization of the iron, and what ferric 
chloride is formed is decomposed by raising the temperature and admitting steam 
and hj'drogcn. The nickel and cobalt remain as soluble chlorides and can be leached 
out. 

Selective Sulphatizing. — This idea also has been worked on very considerably. 
The earliest work known to the author is that of F. A. Eustis and C. P. Perm (U.S. 
patent 1185187 of hlay 30, 1916), but the work of C. P. McCormack is probably 
better knouTi today, though the basic principle of the inventors is the same. In the 

* It in claimrd this has now been demonstrated (June, 19-15). 
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McCormack process (U S patent 1575852 of Mar 9, 1926), latentic ore is uitimatelj 
mixed with sodium carbonate or sodium hj droxide and the mixture given a roast under 
oxidizing conditions Alumina forms sodium alumuiate, and the chromium is oxidized 
and combines Tvith the soda to form sodium chromate These are leached out with 
hot water and the alumina precipitated by means of carbon dioxide Sodium chro- 
mate 13 crystallized from the mother liquor The leached residue is then mixed with 
P 3 rite and again roasted, the roast gases being recirculated over the roasting ore 
At temperatures between 450 and 750“C the nickel has mote of a tendency to sol- 
phatize than has the iron and theoretically, a good separation can be effected of the 
soluble nickel sulphate from the insoluble iron oxide, however, at least in the authors 
experiments, the separations are not sharp and the hand labor involved is large 
Shortly before the outbreak of the present war the Phihppmc government made a 
large-scale test of this process, but apparently did not adopt it, for the treatment of 
the Sungao ores 

Italph F hleyer and Alan Kissock have also done important work on differential 
sulphatizmg 

Duett Smelting Processes — In some parts of the world are deposits of nickel where 
there is practically no other heavy metal present Experiments have been made on 
these ores, smelting them to produce a calcium alummum-silicate slag and a ferro- 
nickcl with what iron is present, or if necessary, adding a httle iron, using the electric 
furnace for this w ork The greatest trouble has been that if any sulphur were present 
cither m the ore or m the reduemg agent it was all found in the metal produced 
Before the war the Germans smelted large amounts of ore containing nickel, iron 
and chromium for the production of an alloy of iron, chromium, and nickel The 
chromium was blown out and eventually recovered from the slag as high carbon 
ferrochrommm, while the residual nickel iron was used for the production of mckcl 
steel and the hke A discussion of the means by which the chromium content in the 
ferronickel was held down and a high-chromium slag produced would involve a long 
excursion into ferrous metallurgy, and hence is omitted here 

The sulphur dioxide leachmg of nickel ore was reported to have been experimented 
with by the Soviet government quite extensively in 1929 to 1931, but it is reported 
that the experiments did not indicate that the process would be economic on a large 
scale 

Reduced Nickel — A special product produced at the Huntmgton plant of the 
International Nickel Co is so-called reduced nickel Reduced nickel is metallic 
nickel in a finely granular form, produced by reduemg the black oxide of nickel 
with charcoal at a temperature slightly below ISOff’F It is dull gray and magnetic 
It 13 of use where a highlj' soluble form of nickel is desired and where the granular 
form 13 acceptable One of its large uses is in the manufacture of nickel salts A 
'typica'i analysis ol TISOD reduced nickel is as follows Cu, 0 2B, ISi 97 FO, and sdithJifc 
Ni, 95 80 per cent 

The wet oxide to be reduced is mixed by piling and turning with about 30 per cent 
of its weight of ground charcoal The mtimate mixture is then charged into an oil 
fired roasting furnace with flat rectangular hearth and working doors on each »>de 
which allow hand rabbling of the charge during the reduemg process 

The charge in the furnace is leveled off to a depth of about 4 in The oil burner is 
then lighted, and heat is gradually applied to the charge It is rabbled every 30 mm 
to ensure even heatmg and to work the charge toward the front end of the furnace 
Additional charcoal is added before the final rabble, of after about 3)$ hr , and Iht® 
the charge ls drawn into iron drums, covered with charcoal, and sealed 

The drum is allowed to cool for at least 24 hr The seal is then broken, theroatcriai 
dumped on the floor, screened through m mesh wuc screen, and put through mag 
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nctic separators to clean it from charcoal. The separated reduced nickel ready for 
shipment is rather finely granular. A screen test shows that on an average , 

90 per cent passes 10 mesh 
80 per cent passes 20 mesh 
50 per cent passes 50 mesh 
20 per cent passes 100 mesh 
10 per cent passes 150 mesh 

This product is put up in barrels, ^veighing about 1000 lb. each, and is then ready 

for shipment. ^ i i. • 

ProperUes and Commercial Applications* — Nickel is a silvery-white metal having 
a strong luster* It is malleable, ductile, somewhat magnetic, harder and stronger 
than iron, resistant to abrasion, and of high melting point. It is very highly resistant 
to the action of air, water, nonoxidizing acids, fused alkalies and salts, either fused or 
in aqueous solution. It is also remarkably resistant to oxidation at high tempera- 
tures. It has a magnetic transformation point occurring at about 320°C. in com- 
mercial grades. 

While nickel is primarily divalent, a few relatively unstable compounds are known 
in wliicli it is trivalcnt. A peroxide (NiOj) is also known. Nickel is, with cobalt 
and iron, a member of the eighth group of the periodic system. Its atomic weight is 
58.68. In normal solutions of its salts, nickel has a solution pressure of about 0.6 
volt against the calomel electrode. Its electrochemical equivalent is 0.30425 mg. per 
coulomb. 

Nickel and its compounds exhibit strong catalytic activity in all types of reactions, 
as illustrated in its commercial use for the hydrogenation of oils. 

hlctallic nickel gives to its alloys strength, ductility, and resistance to corrosion. 
With such metals as copper and gold it acts as a powerful decolorizing agent. 

Distribution of Nickel. — Nickel is widely used industrially. Arranged roughly 
in order of their relative importance from the tonnage standpoint, the paths of 
distribution for nickel are: as nickel steel, Monel metal, nickel-silver and copper- 
nickel alloys, electroplating, nickcl-chromium-iron heat-resisting*’ alloys, malle- 
able nickel, coinage, nickel salts for catalysts, etc., and nickel oxide for use in the 
ceramic jndustrj% 


TabLU 1. — CoMMEKCIAL NON-MAl.T^ABLT3 GhaUES OF NlCKEU 


Grade 

Form 


Analyaes, per cent 


Usea 

Ni-Co 

Cu 

C 

Fo 

Si 

s 

Electrolytic* 

24" X 3G" - 1001b. 


0.04 

Tr 

15 

Nil 

Tr 

Higheat-gradc malleable 

Shot; 

"X" 

plates 

Granulated in water 

99.15 

0.18 

1 

38 

10 


alloys 

Non-ferrous alloys and 

•*XX*’ 

Granulated in water ^ 

mi 

O.OS 

10 

25 

05 

O.OOS 

crucible nickel steel 

'•A” 

Granulated in niiter 

KBPS 

0.18 

45 

38 , 

22 1 

0.025 

Platers* ancKiea 

••F” 

Granulated in water 

91.75 

0.20 

30 

1.85 

5.75 

0.025 


Ingot or pig......... 

25-50 lb. pig 

99.20 

0.30 

03 

45 

EEI 

0.035 

Open-hearth or electric 

Kedueedi nickel oxide 

Powder 

98.76 

0.15 


50 

.... 

.... 

furnace steel 

Nickel salts 


* EIccUolytic nickel is malleable, but is seldom use<i for tliis j>ropcrty. 
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Nickel 18 marketed in various forms, depending on the use to which it m to he pu^ 
These arc (1) grams, cubes, rondellcs, or powder, reduced from the oxide at low 
temperature without being fused, (2) nickel shot, nickel deposited in concentric lasers 
from nickel carbonyl (gas) without being fused, (3) electrolytic cathode sheets (4) 
blocks or shot obtained bj reducing nickel oxitle at temperatures above the melting 
point of nickel and easting the resulting mctftl or pouruig it into water, without 
deoxidation (5) malleable nickel, produced in the same manner as (4) except that it 
IS treated with a deoxidizer before pouring (C) nickel salts, (7) nickel oxide 
Most of the commercial production of nickel falls m class (4) 

Malleable Nickel — The properties of malleable nickel at ordinary tempi ratures 
arc given in Tables 2 and 3 and at elevated temperatures in Table 4 

lABLr 2— PiiYsifAL rnopinTirs ok Maheabii (09 lYn Cent) Nickel 
(Commercially pure inekcl) 

Density (specific gravity) 8 8^ 
eight per cubic inch 0 3101b 
Melting point 1450'‘C (2C-10’r ) 

Shrinkage (pattern) '4 in per foot 
Linear coefiicient of thrrinal expansion 
25 to 100”C 0 0000130 per degree 
25 to SOO^C 0 0000145 per degree 
25 to 600’C 0 0000155 per degree 
Llectncal re'*istivity 01 ohms per mil ft (10 0 imchrom em ) 

Conductivity about 10 per cent of that of copper 

Coefficient of electrical resistivity 0 0011 per degree centigrade or 0 0023 per 
degree Fahrenheit 

Optical reflection coefficient G5 per cent 

Thermal conductivity 0 14 c g s units (about 17 per cent that of copper) 

Specific heat (20 to 1400*0 ) 0 13Q cal per g 
Latent heat of fusion 73 cal per g 

Magnetic induction at 100 gausses field strength 5000 gausses 
Young s modulus of elasticity , 30 000 000 lb per sej in 
Torsional modulus 1 000 000 lb per sq in 
Foisson s ratio, 0 33 


Table 3 — \rhcHAMcvL Phopehtils ok 99 Per Cent NiritrL 
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Nickel and some of its alloys retain their physical properties to a relatively high 
degree at elevated temperatures. The data of Table 4 were obtained by the Inter- 
national Nickel Co, 


Table 4. — Propbuties of 99 Per Cent Malleable Nickel and of Some of Its 
Alloys at Elevated Temperatures 


Temper- 

ature, 

degrees 

Fahren- 

heit 

Rolled 

“A” 

nickel 

Hot- 

rolled 

Monel 

racial 

20 per 
cent 
Cupro 
nickel 

Temper- 

ature, 

degrees 

Fahren- 

heit 

Rolled 

“A” 

nickel 

Hot- 

rolled 

iVIonel 

metal 

20 per 
cent 
Cupro 
nickel 

Tensile strength, 1000 lb. per .sq. in. 

Yield point, 1000 lb. per sq. in. 

70 

81 

81 



24 

32 


200 

82 

80 



24 

31 


400 

8^1 

79 



24 

29 


COO 

83 

78 

51 


23 

28 


800 

83 

71 

41 


21 

27 


1000 

58 

51 

30 

w 

19 

23 


1200 

45 

30 

18 


17 

18 


1400 

30 

22 

G 

iiH 

13 

. 12 


1000 

17 

15 






1800 

11 

8 






2000 

8 

5 






Elongation, per cent in 2 in. 

Reduction of 

area, per cent 

70 

51 

4G 

28 

■H 

70 

69 


200 

51 

45 

27 


68 

68 


400 

52 

44 

26 


68 

GO 


000 

51 

51 

24 

600 

68 

64 



50 

52 

22 


66 

62 



50 

29 

17 

1 iB 

75 

31 



48 

34 

14 


76 

15 


1400 

50 


23 

1400 

78 

10 


leoo 

33 


27 

! 1600 

32 

15 


1800 

36 


^ . 

1 1800 

40 

25 


2000 

70 



2000 

99 

29 



Alallcable nickel is the only grade in the production of which deoxidizers are used. Deoxidation 
is accomplished by the addition of manganese and magnesium in the crucible or ladle before pouring into 
ingots or castings. The carbon content is adjusted to 0.10 to 0.30 per cent by adding charcoal or nickel 
oxide and the metal raised to pouring temperature (2800 to 3000®F.). If an electric furnace be used, 
the deoxidizers should be added in the furnace if possible. Manganese is added first, cither as such oi 
.as ferromanganese, to the extent to 0.25 to 2.0 per cent. Magnesium Is added to the extent of 1.5 oz. 
per 100 lb. of nickel. It must bo held in tongs and plunged below the surface of the molten metal and 
an excess must bo avoidotl. 


The commercial forms of malleable nickel arc: hot-rolled and cold-rolled sheets; 
hot-rolled and cold-draMii rods; cold-rolled strip: seamless and welded tubing; pipe; 
wire; forgings; castings; and fabricated forms, such ns screen, filter, and wire cloth, 
and wool. The metal may be machined, welded, forged, or brazed. 

At least 12 countries use nickel for subsidiarj- coinage, and it is largely used for 
household and ornamental stampings and fittings. 

For its resistance to corrosion it is used extensively for cooking utensils, dairy and 
food-lmndling machinery, laboratory apparatus and equipment for operatiens, diges- 
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tiona, evaporation, and transport m tlio manufacture of djea and intennediatea, 
essential oils, etc 3\ctUe&, stdla, fusion pots, especially for cyanide fusions, and other 
apparatus arc made of malleable nickel, castings of nhich are quite general for heavy 
equipment of this tjqie Some nickel is used for valve trim 

For its resistance to oxidation at high temperatures, nickel la used as hcat-resisting 
castings, parts of glassmaking machinery, lehrs and annealing furnaces, burner parts, 
as wire for spark plug electrodes, suspension wires of electric light bulbs, resistance 
p) rometer tubes and for combustion boats used m the reduction of tungsten and 
rooljbdenum oxides Jsickel vrire with high manganese content is practically stand 
ard for spark-plug electrodes The “D” nickel of the International Nickel Co con- 
tains 3 to 6 per cent manganese It has a specific rcsistii itj of 20 microhms per cc 
and a temperature coefiicjcnt of 0 0020 per degree centigrade 

Rabble shoes of cast nickel, exposed m IaIw ards-type roasting furnaces to sulphur 
ixmg and oxidising gases at COO to 1000'’C and to severe alirnsion outlast cast-iron 
shoes about four and a half times 

Electroplating — Substantial quantities of nickel arc consumed m such operations 
the major portion of which is consumed m the form of platers' anodes which vary m 
nickel content from 83 to 09 per cent The cfiicf impurities contained are iron and 
carbon, which in some cases is added especially to promote rate of corrosion The 
modem tendency, how e^ er, in these operations is tow ard the higher purity product 
Nickel plating is used tor improving in appearance and protecting from corrosion the 
base metal to which it is applied Deposits can be effected satisfactorily on iron, 
brass, copper, zinc, and many of the common alloj’s 

Relatively only a small amount of nickel is usctl m nonmetallic combinations The 
sulphate and the double-ammonium aulphatc arc used in nickel plating, while the 
caibonate, nitrate, and formate nre used as sources of reduced nickel for catalysts in 
chemical processes Tlie oxide is used sometimes for the under, or holding, coat m 
enameling steel and for coloring glazes in pottery manufacture The hydroxide 
IS used m the Fdison alkaline storage cell, where it is reversibly altered to nickehc 
hydroxide during charging and discharging 

Nickel-copper Alloys — Nickel and copper are mutually soluble in all proportions, 
gmng solid solution alloys that are malleable both hot and cold The malleabihty 
IS obtained by the use of deoxidizers in the same manner as for nickel Alloys low in 
mckel have a characteristic pinkish color, which fades progressix ely until at 25 per 
cent or more mckel the color is similar to that of pure nickel 

The alloys used commercially range from 2 5 to about 70 per cent of nickel For 
special properties, characteristic of the alloys of different nickel content, they are used 
for driving bands for shells, bullet jackets, condenser tubes, rcsiatance to coTTo"ion 
and erosion, turbine blading, coinage, valve scats and parts, resistance and pyrom 
eter wire, and remeltmg purposes Most of the alloys are known by special names 
m the industry More complete information is given in the references cited m the 
Bibhography at the end of this chapter 

Monel Metal — hfonel metal is the trade-marked name of a nickel-copper aHoy 
which contains approximately 67 per cent Ni, 28 per cent Cu, and 5 per cent of con 
stituents of lesser importance, chiefly iron and manganese It was ongmally a 
natural alloy, there being no separation of the two major constituents nor alteration 
of their relative proportions m the process of reduction from the ore in which both 
occur, but it is now corrected to a constant composition This alloy resembles nickel 
m color, finish, and properties It combines, m a single alloy, high mechanical prop- 
erties with, resistance to corrosion, oxidation, and erosion Its mechanical properties 
are retained to a large extent at elevated temperatures, as may be seen m 
Table 4 
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This metal may be rolled, dra^\Ti, cast, forged, machined, welded, and soldered. 
It may be had in the form of pig, shot, hot-rolled and cold-rolled sheets, hot-rolled 
and cold-drawn rods, bars, strip, wire, welded tubing, castings, forgings and fabri- 
cated forms, such as wire screen and cloth, filter cloth, bolts and nuts, nails, tacks, 
rivets, cable, chain, and balls. 

The properties of Monel metal arc given in Table 5. 

Table 5. — Physical Properties op Monel Metal 

Density (specific gravity), 8.84. 

Weight per cubic incli, 0.319 lb. 

Melting point, 1300 to 1350°C. (2370 to 2460°F,). 

Shrinkage (pattern), m* ft. 

Linear coefficient of thermal expansion: 

25 to 100®C., 0,000014 per degree. 

25 to 300°C., 0.000015 per degree. 

25 to 600®C., 0,000016 per degree. 

Electrical resistivity, 256 ohms per mil. ft. (42.5 microhm-cm.). 

Conductivity about 4 per cent of that of copper. 

Coefficient of electrical resistmty, 0.0019 per degree centigrade, or 0.0011 per 
degree Fahrenheit. 

Optical reflection coefficient, 60 per cent. 

Thermal conductivity, 0.06 e.g.s. units (about 7 per cent of that of copper). 

Specific heat (20 to 1300®C.), 0.127 cal. per g. 

Latent heat of fusion, 68 cal. per g. 

Magnetic induction at 100 gausses field strength; 

Cast metal, 500 gausses. 

Rolled metal, 1000 to 1500 gausses. 

Magnetic transformation point, 93 to 95°C. 

Young’s modulus of elasticity, 26,000,000 lb. per sq. in. 

Torsional modulus, 9,500,000 lb. per sq. in. 

Compression tests on hot-rolled rods showed: proportional limit, 35,000 to 40,000 
lb. per sq. in.; yield point, 60,000 to 70,000 lb. per sq. in. Resistance to alternating 
stress in rotating-bcam machines, approximately 100,000,000 alternations at propor- 
tional limit, t.e., the endurance safe limit. Izod test, 100 ft.-lb. on standard specimen. 
Charpy test (standard test piece), hot-rolled rod, 100 to 200 ft.-lb. to rupture. 

Chemical Properties and Uses. — Monel metal is widely used for its resistance to 
corrosive conditions. It is used against anhydrous ammonia, either liquid or gaseous; 
ammonium hydroxide solutions; solutions of or fused caustic alkalies and carbonates; 
fatty and other organic acids; sea water; solutions of neutral salts; gasoline and 
mineral oils; phenol and cresols; photographic chemicals, except solutions containing 
silver, urine, dry mcrcurj^ dyeing, and bleaching solutions; alcoholic and other 
beverages. It is also highly resistant to sulphuric, dilute phosphoric, hydrocyanic, 
hydrofluoric, acetic, and citric acids, fused c^^anides, ferrous sulphate, and dry 
chlorine. The metal is attacked by solutions that are strongly oxidizing or contain 
easil}' reducible compounds and by molten lead and zinc. It is not resistant to 
Iiydrochloric, nitric, nitrous, sulphurous, chromic, or concentrated phosplioric acids 
or to solutions of ferric salts. 

It is used for marine propellers, deck hardware, and parts of ships exposed to the 
action of sea water; pumps, pump liners, rods and valves for sea water, mine waters, 
and corrosive solutions generally; mining machinery; mine screens; machinery^ and 
equipment for dyeing and bleaching; miscellaneous parts of apparatus exposed to 
corrosive conditions in the chemical and oil industries generally; screen cloth, filter 
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cloth, roofing, etc Tklonel-metal pins and rods in sulphixnc acid pidding tanks la 
the steel industry have exceptionally long life Large quantities of metal were used 
in roofing the tram sheds of the Pennsylvama Terminal, New York City, the Chicago, 
Northwestern Terminal, Chicago, and the Central Railroad of New Jersey Terminal, 
Jersey City, N J 

For the finish which it may be given as well as for its resistance to corrosion, Monel 
metal has been largely used for washing macbmery, dairy equipment, cookmg utensils, 
hotel, hospital and restaurant equipment, apparatus for the manufacture of food 
products knives, golf heads, small fittmgs, trim, and stampings 

Monel metal is resistant to erosion and retains much of its strength at high tem- 
peratures It 13 used for these properties for turbine bladmg, gas engine valves, 
seats and spindles m pressure valves, plugs in oil stills, etc It will resist oxidation 
satisfactorily at temperatures up to SOO^C , but should not in general be used at higher 
temperatures Monel metal is used to some extent as resistance ViiTK and as spark 
plug electrodes 

Copper 'Hi tkel 'lint Alloys — These alloys are know tv collectively as German 
silver or nickel sih er They are used in a wide variety of compositions and under 
various trade names for cutlery and table flatware, keys jewelers’ wire, brazing solder, 
watchcases, etc For some uses, small amounts of lead or iron are added, but the 
general range of compositions falls withm the limits Ni, 5 to 30, Cu, 45 to 75 and Zn, 
5 to 30 per cent The alloy s are white to slightly y ellowish m color, malleable hot 
or cold, easily w orked, and obtainable m the usual brass mill shapes They are also 
used in the form of sand castings Manufacturer’s recommendations should be 
sought for the correct alloy for any specific purpose 

These alloys take an agreeable finish, and many are resistant to corrosion Con 
sequently, considerable quantities are used for ornamental castmgs and stampings 
plumbmg fixtures, and parts of food-handling apparatus Some metal, in the form 
of wire, 13 used as a high resistance metal in electrical work 

Nickel-chromium Alloys — Nickel chromium and nickel-chromium-iron alloys 
are very highly resistant to oxidation at high temperatures and to chemical corrosion, 
particularly under oxidizing conditions They ace malleable and are used both m 
the wrought form for wire, etc , and almost entirely in the cast form for annealing 
boxes, carbonizing boxes, furnace parts, enameling racks, etc These alloys have high 
electneal resistivity with low -temperature coefficients and are used m large quantities 
as wae or ribbon, for heating elements m electrical apparatus and for other electrical 
properties They are marketed under various trade names and range m composition 
ns follows Cr, 5 to 20 per cent, Fe, 5 to 40 per cent, Ni, balance 

Nickel Steels and Nickei-iron Alloys — Nickel and nickel chromium are the 
most widely used of alloy steels Ordmary mckelsteel containing about Zyi p« 
cent nickel is used for automobile parts, bridge and structural steel, die blocks 
locomotive forgings and castings, machine and machine-tool parts, ordnance, and 
power plant equipment These steels are used mainly m the heat treated condition, 
in which form mckel refines the pearlite gram and increases hardness, yueld point, and 
tensile strength without notably reduemg ductility Fatigue resistance and endur 
ance under alternating stresses are mcreased and segregation is lessened The addi- 
tion of chromium to nickel steels increases the beneficial effects of nickel, and sum 
steels are used to as great or greater extent than straight nickel steels as beat-trealcd 
forgings for automobiles and other construction Molybdenum nickel steels are also 
m general use 

Nickel steel of low carbon content (0 1 to 0 2 per cent) i 3 superior to carbon atwi 
for caaehardenmg both in uniformity of case and in mechanical properties of core alter 
heat-treatment 
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The compositions of the most widely used nickel steels falls within the limit; Ni, 
3.25 to 3.75; Mn, 0.5 to 0.8; and C, 0.1 to 0.5 per cent Five per cent nickel steel is 
nsed for caschardened parts to withstand particularly severe service conditions. 

Kickcl-chromium steels are described as low, medium, and high, and tliey range in 
composition as follows; Ni, 1,0 to 3.75; Cr, 0,45 to 1.76; and ^In, 0.30 to 0.80 per 
cent. The high nickel-chromium steels are used where particularly high physical 
properties are desired in all carbon ranges. 

Nickel-iron alloys relatively high in nickel exhibit remarkable magnetic properties 
and wide variation in their thermal expansivity in normal temperature ranges. Many 
are also resistant to corrosion. Invar, 3G per cent nickel, has an extremel 3 ’' small 
coeflicicnt of expansion at ordinary temperature and is used for measuring tapes, parts 
of precision instruments, etc. 

Nickel and nickel-chromium cast iron is being used commercially’ today for rolling- 
mill parts such as rolls, mill guides, pipe-bending dies, pipe balls, etc., for automobile 
engines and other cjdinder castings, for pistons and piston rings, for cast-iron cams, 
for sheet and plate metal forming dies, in various thin section castings, prominently 
resistance grids — the amounts used varj^ing from as little as 0.10 per cent (but usually 
not less than about 0.40 per cent) up to 5.0 per cent nickel and from 0 to 0.50 per cent 
chromium. ^ t 

The principal useful effects of nickel and suitable nickel-chromium combinations 
in graj" iron have proved to be the following: (1) to increase strength from 10 to 50 per 
cent, requiring 0.50 to 1.0 per cent nickel together with 0 to 0.50 per cent chromium 
depending on the grade of iron, a higher silicon iron requiring a greater addition of 
chromium; (2) to increase hardness 20 to 50 points Brinell without impairing machin- 
ability, requiring similar amounts of alloy; or raising the hardness 100 points Brinell, 
with the iron still remaining machinable, but less readily" so, with larger amounts of 
alloj"; (3) to reduce edge, surface, and corner chilling on thin sections or eliminate hard 
spots in castings made with comparatively hard iron and thus improve machinability, 
requiring 0.50 to 5 per cent nickel depending on conditions; (4) to increase toughness 
and deflection particularly of thin section castings by eliminating chill and hard spots, 
requiring also 0.50 to 5 per cent nickel; (5) to refine grain and produce denser, less 
open castings requiring from 0,15 to 1.0 per cent nickel together with small amounts 
of chromium if desirable; (0) to equalize hardness and strength and machinability 
over large sections or between small irregular sections. 

Cast iron is itself a most complex and variable material, and the use of these alloys 
in conjunction with it requires careful adjustment of the amount of the additions to 
the grade and composition of iron used as well as to the type and section of casting 
in question. Disappointing results maj^ be obtained when alloy additions are made 
that arc not suited to the particular conditions, and some tests have been made also 
on cast iron of high allo^- content — up to 30 per cent nickel — and consideration is 
invited to their interesting and unusual properties as suited to special applications. 

Miscellaneous Alloys. — Illiiim, a complex alloy of Ni and Cr with lesser amounts 
of Cu, Mo, W, Mg, Fc, Al, and Si, is very highly resistant to corrosion. It is prac- 
tically unattacked in 25 per cent nitric acid solution. 

Nickel-manganese, nickcl-copper-mangancse, and nickel-aluminum alloys are 
used in the form of resistance wires and as parts of pjTomcter thermocouples. 

Nickel has been added in small amounts to many other alloys of industrial impor- 
tance, in which it acts chiefly to increase hardness without decreasing ductility. 
Light aluminum alloys, aluminum bronzes, and some brasses and bearing metals arc 
to bo noted in this connection. 

Nickel alloys have been used as substitutes for platinum ware, and so-called white 
gold is an alloy of nickel iuid gold. 
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A high silicon nickel alloy in the form of shot and containing up to 5 per cent silicon 
IS used for tumbling and burnishing purposes It la harder than iron and does not 
rust 

Almco, the remarkable magnet material, contains Al, 10, Ni, 18 Co 12, Cu, 6, 
re, 54 (C 11 Drurv, Mtrural Ind, 1938, p 114) 
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TUNGSTEN, VANADIUM, URANIUM, AND MOLYBDENUM 

H. A. Doerner^ 

Introduction. — Among the elements usually thought of as rare, vanadium, ura- 
nium, tungsten, and molybdenum stand out because of their importance in ferroalloys. 
These are, therefore, treated at length in this section. It is, however, also necessarj-' 
to consider uranium as the mother of radium, and to treat it in that connection, which 
is done in the succeeding chapter. 


VANADIUM 
(Atomic weight == 51.0) 

Occurrence. — ^Vanadium is never found free in nature. Its ores are fairly widely 
distributed, but seldom occur in quantity in any one locality. The principal ores are 
patronitc, roscoelite, carnotite, vanadinite, cuprodescloizite, zinc descloizite, mottra- 
mite, and pucherite. Small concentrations of vanadium have been found in certain 
iron ores, in phosphate rocks, and in carbonaceous materials such as oil, oil shale, and 
coal. Flue dust from the combustion of Venezuelan oil contains 20 to 40 per cent 
VaOi. Vanadium is now being recovered as a by-product from these low-grade 
sources, because a constantly increasing demand is depleting the important ore 
deposits. 

Patronite is an impure vanadium sulphide found in hlinasragra, Peru. The 
composition is approximately V2S9, and it is associated to a certain extent with car- 
bonaceous material, pyrites, and free sulphur. The area in which the ore lies- is along 
the western limit of a broad anticline in Jura-Trias and Cretaceous rocks. A section 
shows the series in this locality to be composed of green shales, thin beds of limestone, 
and red shales. Vanadium is found only in the red shales. The deposit proper 
appears to be a lens-shaped mass, 28 ft. wide and 250 ft. long. The mineral that con- 
stitutes the larger portion of the deposit has been called “quisqueite.'^ It is a black 
carbonaceous substance containing sulphur, with a hardness of 2.5 and a specific 
gravity of 1.75. Tlicre is also a lesser quantity of a cokelike material with a hardness 
of 4.5 and a specific gravity of 2.2. Neither of these contains vanadium. The vana- 
dium is mostly in the southern end of the ore body, and to a depth of 20 ft. is largely 
in the form of a red calcium vanadate, and carries as much as 50 per cent vanadic 
oxide. It occurs in pockets and fills the cracks and fissures in a fine shale. 

Below this shale is the mother lode. It is 9 to 30 ft. thick and extends along 
the greater length of the deposit. It carries as high as 10 per cent vanadic oxide and 
nearly as much sulphur. On the cast and south sides below the mother lode is found 
n hard blue-black vanadium shale carrying as much as 13 per cent vanadic oxide and 
4 to 5 per cent sulphur. Patronite, the main vanadium mineral, is greenish-black 
and lias a hardness of 2.5 and a specific gravity of 2.71. It contains 19 to 24.8 per 

» Enrineer in clmrRo, U. S. Bureau of Mines Experiment Stntion» Pullman, Wash. 

UlEwirrr, D. E.. Enff, Mining Jour,, Vol. 82, p. 385, Sept. 1, 1900; W. F., J, Am 

Chert, Soe,, Vol. 29. p. 1019. 1907. 
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cent vanadic oxide and sometimes 50 per cent of combined sulphur This deposit 
in Peru constitutes the largest known source of vanadium at the present tune and 
furnishes the Vanadium Corp of America with its major supply of ore As this 
companj has been the largest producer of fcrrovanadium and vanadium compounds m 
the world patronite is by far the most important ore of \anadium from the com 
mercial standpomt 

Roscoelite, or vanadium mica, is the second most important vanadium mineral 
commercially It has a Eome« hat indefinite composition, the formula H»I\.,(MgFe) 
(A1V)4 (Si0j)ji representmg its composition fairly well It exists in minute scales of 
a brown to greenish brown color Sometimes the color is actually green Tlie 
specific gravity is 2 92 to 2 94 It is found in many localities, but the extcnsitt 
deposits m San Miguel and Montrose counties, Colorado, are the onlj ones that ha^e 
been exploited extensively 

Camotile is mainly of importance on account of its uranium and radram content, 
but also carries usual!} 3 to 5 per cent \ lOj m ordmarj commercial ores It is 
found mainly m souths estem Colorado and eastern Utah, but also exists m smaUcr 
quantities m other localities such as South Australia and Portugal It is a potassium 
uranyl vanadate of the follow mg approximate composition KjO 2UOj \ lOi 3HtO 
The crystals are canary jellow m color and usually exist as incrustations on other 
mmerals, or are dissemmated through a sandstone jn w hich they are usually found 
It also contains small traces of calcium and barium Other deposits of vanadiferous 
sandstone similar to roscochte or caraotite have been more recently discovered in 
Colorado and Utah of these one near Rifle m Garfield County, Colorado, appears 
capable of considerable production Another is reported m Emery County, Utah 

Vanadmite, or lead vanadate, is widely distributed, especiall} m certain of the 
western states of the United States, particularly Anzona, Jicw Mexico, bevada, and 
California. The largest deposits are in Anzona, where it is (requenth associated 
w ith wulfenite, or lead molj bdate The deposits are almost always low grade and 
for this reason this mmeral has not been used to any great extent as a '<our<*e of 
tanadium m the Umted States In Mexico, the vanadmite occurs at \ illarosales, 
Chihuahua In Spam, important deposits of vanadimte occur near Santa Marta, 
Estramadura The ore is found in a sandstone that contains on an average 3 per 
cent vanadic oxide This can be concentrated, and these deposits supphed most of 
the vanadium used m the world up to the opemng of the Peruvian mines. The 
mmeral occurs in prismatic hexagonal crystals and has a specific gravity of 66 to 
7 11 It vanes m color from ruby red to yellowish and even brown 

Cuprodescloizite is a hydrated lead-copper vanadate of the probable composition 
{PbCu)i( 0 II)V 04 Commercial samples of the ore may carry as much as 23 prr 
cent PbO, 7 per cent CuO, and 8 to 10 per cent VjO, The largest deposit of this 
mineral Jenow n at the present time is m the Shattuck mine at Bisbee, Xriz , although 
it 13 found m a few other localities m the United States 

Zinc descloizite is a mmeral very similar to cuprodescloizite, where the zme replaces 
the copper It is found in Isevada, especially around Goodsprmgs, m New Mexico 
m Arizona, and in Argentina There has been a considerable production of x anadwin 
from descloizite obtained as a by product in the treatment of zme ores at Broken Hifl 
Rhodesia Mottramite, a vanadate of lead and copper, and pucherite, a bismuth 
vanadate are of lesser importance than the minerals alreadj described Mottrsnutc 
has been produced and shipped from Tsumeb Southwest Africa 

Extracbon from the Ores — The method of extraction that can be used for vans 
dium ores vanes materially with the ore and its grade In general, a different mets! 
lurgical process must be used for every mmeral treated, although there are, of course 
some general sunilarities between the methods used 
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Patronitc is treated by first roasting in order to eliminate the sulphur as far as 
possible. It can then be leached with sulphuric acid, filtered, and the filtrate evapo- 
rated to a crude vanadic o:jiide, or the roasted ore can be leached with alkali, sodium 
carbonate or caustic soda, which will dissolve the vanadium as sodium vanadate. 
From this a high-grade vanadic oxide can be obtained by acidifying with sulphuric 
acid. More recently, the roasted concentrate is reduced directly to ferrovanadium in 
an electric furnace. 

lloscoeVite has been treated for many years in plants at Kewmire, Hifle, and Urvan, 
Colorado. The crushed ore, mixed with salt and often a small amount of pyrites, 
is roasted to convert the vanadium to a water-soluble vanadate. After the latter is 
extracted by leaching with hot water, vanadic acid is precipitated by boiling the 
acidified solution. This precipitate is separated by filtration, dried, and then fused 
lo remove combined water. A high-grade product containing S 8 per cent VoOs thus 
obtained is usually converted to ferrovanadium by reduction in an electric furnace. 

At first, carnotite was treated primarily for its radium content, and vanadium 
was considered a by-product. Since the advent of low-cost radium from the Belgian 
Congo and northern Canada, these ores are primarily a source of vanadium, whereas 
radium and uranium are now onl3'' by-products. Early methods that do not obtain 
a high recovery of vanadium have been abandoned or modified. 

Metallurgical methods for the treatment of carnotite are discussed more fully 
in the chapter on radium. They may be classified by their initial operation as ( 1 ) 
acid leach; ( 2 ) digestion, and extraction with sodium carbonate solution (usually with 
some free caustic); ( 3 ) bisidphatc (niter cake) fusion; ( 4 ) other sintering or fusion 
treatments. Of the acid methods, sulphuric gives the best extraction of vanadium, 
h3"drochloric is also good, but nitric acid is very inefficient and requires a subsequent 
alkaline leach. Sodium carbonate solution also gives a poor extraction of vanadium 
even at autoclave temperatures. Fusion with niter cake, followed by a water leach, 
extracts the vanadium completely. Alkaline fusions may also give high recoveries, 
but are unsatisfactor3’' because of furnace-lining and filtration difficulties. 

From a soda solution, uranium is precipitated bj’’ sodium hydroxide after neutral- 
izing the carbonate. The vanadium is obtained by neutralizing the filtrate from the 
uranium and either adding a slight excess (O.O 5 A 0 of sulphuric acid and boiling to 
precipitate vanadic acid, or adding a metal salt (ferrous sulphate, calcium chloride) to 
form the corresponding vanadate. From an acid leach, vanadium is precipitated 
with uranium and a portion of the basic elements present by carefullj^ neutralizing and 
boiling. When sulphuric acid is present in large excess, it is economical to neutralize 
most of it with lime or limestone and filter off the calcium sulphate before precipitating 
the vanadium. In some cases the vandium precipitate is reduced to ferroallo3:, but 
usuall3" additional refining is neccssar3\ This ma3" be accomplished b3" extracting the 
precipitate with liot soda solution and precipitating as previously described for 
alkaline solutions. 

Yanadinite was originally treated by leaching with sulphuric acid. This dissolved 
the vanadium and left the lead as insoluble lead sulphate, from which the lead could 
])e recovered b3’’ smelting. The process was not a success, because the action stopped 
after a short time, owing to the crystals of the vanadinitc being coated with the lead 
sulphate, which prevented further action. J. E. Conle3>' has thoroughl3" studied the 
treatment of vanadinitc.' The method recommended b3' him is to fuse the vanadinitc 
concentrate with a mixture of Fodii ash and caustic soda, which gives a better melt 
and a better recovcr3’ than soda ash alone. The lead is recovered as metallic lead, 

» DoETiKFJi. Process? for Extr.nctinR Radium from Carnotite, 17,5. Bur, Mines Bepts, Inzeetigations 
30r»7, December, 1030, 

2 CArm. ATft. Eng,, Vol. 20, No. 10, p. 514. 
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and the vanadium is precipitated by means of slaked lime, giMng calcium \anadate 
as a product If any trace of molybdenum is present, the latter metal does not come 
down with the vanadium and is thus ehm mated The calcium vanadate can be 
treated with sulphuric acid, the precipitated calcium sulphate filtered off, and the 
■vanadium recovered as high grade vanadic oride 

Cuprodescloisite has never been treated commercially, but, as it constitutes an 
important and potentially fauly large source of vanadium, Conley’s method is of 
interest > The object is to recover the lead, copper, and vanadium Conley found 
that a sulphuric acid leach gives a fairly satisfactory extraction, but his preferable 
method is to subject the ore to a preliminarj fusion with mter calce, followed by a 
hot-water leach, and then treat the residue with sulphuric acid By heating the 
ore with an equal weight of niter cake, approximately tw o-thirds of the ore can be 
decomposed and the corresponding values extracted The remammg values are then 
extracted by leaching the residue with about one-half as much acid as is required m a 
straight acid treatment 

Zinc descloizite up to the present time has not been treated commercially The 
prmcipal deposits m Nevada carry considerable quantities of calcite, which make on 
acid treatment expensive and, therefore, undesirable Doerner* ** has shown that a 
more economical method is the fusion of zinc descloizite concentrate with carbon, 
caustic soda, and soda ash to convert the vanadium to water soluble sodium vanadate 
and separate the lead and precious metals as bullion The vanadium is leached from 
the slag, acidified with sulphuric acid, and precipitated as vanadie acid by boilmg 
with steam 

Most vanadium ores are not readilj amenable to concentration Patronite is 
partially concentrated by roastmg Roscoelite was never concentrated at Newmire, 
Colo , the ore bemg treated direct The writer, how ever, know s of one gold ore in 
California contammg roscoeUte from which a high-grade vanadium concentrate has 
been obtamed durmg the coricentration of the ore for gold Camotite has been con 
centrated by both slunuig and dry concentration, i e , attritian and dusting. Prehrai 
nary roastmg mcreases the extraction especially with carbonaceous ores Vanadmite 
13 easily concentrated by the usual methods involving tables and shmers It U, 
however, difficult to separate vanadmite from wulfeiute, a mmeral with which it is 
frequently associated owing to the fact that both minerals have almost the same 
specific gravity Cuprodescloizite and zinc descloizite will also concentrate on tables 
and slimers, but no commercial plants are known to the writer The mam difficulty 
IS a high loss m the shmes 

Metallic Vanadium — MetaUie vanadium has been produced by Gin* by the 
electrolysis of a solution of vanadium tnoxide in fused calcium vanadate The 
material may also be prepared by the alummothermic method, and by reducing 
thn. djnhlnn'dR. '•uyir/iigun, -zu 'whm.’n vast ■’Jub urdni ’ft -a 'Tvhi/cfih “B?!? 'yuvder 

The metal has a hardness greater than that of steel or quartz It takes a good polish 
and IS not affected by air If the powdered metal is thrown into a flame, or rapidly 
heated in oxygen, it burns brilliantly Its specific gravity at 15“ is 5 5 

Ferrovanadium. — As the principal use of vanadium is in steel and as the \an 3 diuin 
IS added to the steel in the form of lerrovanadium the manulacluie of this product w 
of great importance Formerly, 75 per cent of the ferrovanadium produced m this 
country was made in the openbearth or crucible furnace by a modification of tM 
Thermit process, uamg alummum as a reduemg agent < Thercmainderwfts produced 

* Chtm. iltl Eng , VoL 20 No 9 p 465. 

**U S Bur Mxntt Evfi* Jn»ertvalwn» 2433 
iStf Ini 1909 No 7 p 264 

^BulX At ME AngiMt 1919 p 1342 
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by the electric furnace, using 90 per cent silicon as the reducing agent. Recently, 
the difficulties of reduction with carbon in the electric furnace have been surmounted, ^ 
thus eliminating expensive reducing agents. 

A satisfactory ferrovanadium for commercial purposes contains 30 to 40 per cent » 
vanadium and not more than 0.5 per cent C, 1 per cent Si, 2 per cent Al, 0.1 per cent 
S, and 0.1 per cent P. It has a good fracture, is not crystalline, and is bright gray in 
color. Too much carbon is injurious, because it makes a carbide with the vanadium, 
which is not satisfactory in steel making. In the aluminothermic or Goldschmidt 
method, vanadium oxide or iron vanadate is reduced with aluminum shot in a gas- 
fired openhearth furnace, slagging off the alumina by the addition of soda ash or 
lluor spar. When the oxide is used, iron turnings must also be added. The process 
is exothermic, but it is sometimes necessary to apply external lieat in order to main- 
tain the temperature required for a fluid melt. This may also be accomplished by 
adding oxidizing agents, such as niter, intimate mixing, and rapid rate of feed, with 
large scale of operation. The use of iron vanadate requires more aluminum than the 
oxide. When applied to complex ores, this method presents great difficulties, as the 
charge must be calculated so as to eliminate all undesirable elements in the slag and 
at the same time produce a good recovery of higlx-grade alloy and the proper amount 
of heat. 

Silicon or ferrosilicon gives a satisfactory reduction in the electric furnace. The 
raw materials required are steel turnings, vanadium oxide, silicon, lime, and fluor spar. 
If iron vanadate is used, the steel turnings are not added. All material should be low 
in phosphorus, but sulphur can be eliminated with the slag by remelting. 

In the method developed by Saklatwalla for electric-furnace reduction with car- 
bon, the ore-flux mixture is fed continuously into a localized zone of extremely high 
temperature, which is obtained by high voltage and current density, combined with 
close spacing of the electrodes. In this way the vanadium is supposed to be reduced 
directly from the pcntavalent form to the metal, without the intermediate formation 
of the infusible and insoluble lower oxides that caused trouble in previous attempts. 
The furnace is three-phase, rectangular, with water-cooled bushings for three 12-in. 
graphite electrodes. It is automatically charged through water-cooled bushings in 
the cover. 

The melting point of ferrovanadium, practically free from other elements and con- 
taining 40 per cent vanadium, is about 1480°C. The melting point becomes gradually 
lower ns the amount of vanadium is decreased until 35 per cent is reached, when it 
melts at 1425®C., and remains stationary until the alloy contains 30 per cent. At this 
point the melting point gradually rises to about HSO'^C. 

Uses of Vanadium. — The chief use of vanadium is for making vanadium steel. 
The general effect of this rare element on steel is to increase the elastic limit and 
tensile strength without reducing the ductilit 3 \ It is usualb'’ alloyed with chromium 
or manganese to give chromium-vanadium or manganese-vanadium steel, and is also 
used in openhearth and high-speed tool steels. Vanadium is found in much of the 
steel used in motor cars, locomotive axles, rock drills, etc. The metal causes oxides and 
nitrides present to pass into the slag, and a certain portion of it also goes into solid 
solution, rendering the metal more coherent and less liable to disintegration. The 
quantity of vanadium added to steel is small, the amount usually being between 0.1 
and 0.4 per cent. 

Other uses for vanadium arc as alloys with copper and aluminum. These alloys 
make excellent castings. It has been used in photography for toning silver bromide 
plates to a green color. Vanadium salts have also been used in potterj” and glass, 
and as mordants. 

» Sakl.vtwai.i.<, Jour, Ind, CArm., VoL 14. Ko. 10, p. 968. 
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The chemical activity of vanadium and the large \ariety of its compounds will 
probably lead to a much wider chemical use Vanadium pcntoxide is used as a 
catalyst in the synthesis of ammonia and also m the oxidation of sulphur dioxide 
The catalyst is prepared by heatmg briquettes made of 10 parts alumma and 1 part 
ammonium vanadate ^ 

Analytical Methods for Vanadium. — Vanadium m an ore can be recognized 
qualitatively in the foUowmg manner The ore is ground and boiled with hydro- 
chloric acid, filtered, and to the cold acid solution hydrogen peroxide is added A 
deep-red color indicates the presence of vanadium In a mineral such as roscoehte, 
which IS with difficulty soluble in hydrochloric add, the ore should be fused with 
sodium carbonate, leached with water, filtered, and the filtrate made acid with 
hydrochloric acid On addmg hydrogen peroxide, the red color will then be obtained 
The choice of a quantitative method will depend on the ore, or vanadium compound 
to be analyzed Full analytical details are given lo. U S Bureau of l/t«es Bulletins 
70 and 212 The followmg method is quick and applicable to a large varietj of 
vanadium ores, especially those which contain little insoluble material and are decom 
posed by acids Weigh out a 1-g sample of the pulverized ore, and add 25 cc of 
concentrated hydrochloric acid Heat on a hot plate to a small volume, then add 
10 cc of concentrated mtnc acid and contmue healing until decomposition is complete 
Remove from the hot plate, cool, and dilute to about 25 cc how add 10 cc of con 
centrated sulphuric acid, and heat to copious fumes 

Cool slightly and carefully add about half a gram of potassium permanganate 
Again heat and cool, then add 5 cc of water and 10 cc of hydrochloric acid and 
evaporate to copious fumes of sulphur trioxide Repeat with two more evaporations 
of 5 cc of hydrochloric acid Cool and dilute to about 150 cc , warm to dissolve 
the feme sulphate, and then titrate at 70 to 80“ with 0 05W KMn04 to a pink which 
persists for half a mmute It is advisable to run a blank detenmnation, which usually 
requires 0 4 to 0 5 cc of 0 05i7 KMnOi Fe factor X 1 63 = VjO* In an insoluble 
mmeral, such as roscoehte, it is advisable to filter off the insoluble material and to 
treat with hydroSuoiic and sulphuric acids m the usual manner to clunmate the siUca, 
and then to redissolve in a mixture of hydrochloric and nitric acids The method a 
applicable in the presence of large amounts of iron, molybdenum does not interfere, 
and arsenic, if present only m small amount, may be overlooked Large amounts of 
arsenic, however, should be removed by first passing sulphur dioxide through the 
solution after evaporatmg the first time to sulphur tnoxide fumes, boiling off excess, 
and passing in hydrogen sulphide Chromium interferes, but is seldom met m 
vanadium ores 


TIRANinM 

(Atomic weight = 238 2) 

Occurrence, — The prmcipal ores carrying uranium are pitchblende, camotitfi, 
autumte, and torbernite Pitchblende is an impure uranium oxide with rare earth* 
carrying traces of lead, calcium, mon, bismuth, manganese, copper, sdica, and alumi 
num The specific gravity varies from 6 4 to 9 7, and the hardness is usually about 
5 5 Carnotite is described under Vanadium Autumte is hydrated uranium- 
calcium phosphate, with the formula Ca(UOj)j(P04)j SHjO It is a bright-yelloW 
nuneral, usually crystalhzmg in orthorhombic plates, and has a specific gravity o 
3 5 to 3 9 Torbernite is a copper uranium phosphate with the formula CufflOw*" 
P »0, 8HiO The crystals are tetragonal with a pearly luster and of an emerald green 


« U S patents 1420201 to 1420203 
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color. The specific gravity is 3.4 to 3.6. A further description of uranium minerals 
and their distribution can be found in the chapter on radium. 

Extraction from the Ores. — ^All uranium minerals carrj' radium. The amount 
of radium is usually proportional to the amount of iiranium present, although tliis is 
not always the case. In primarj^ minerals the equilibrium amount of radium is 
present, but in secondary minerals, such as autunite and torbemite, the proportion 
of radium to uranium varies and is often as low as 60 or even 50 per cent of the equilib- 
rium amount. Notwithstanding this fact, uranium minerals are now always treated 
for their radium content and not for the uranium, the recover^’' of the latter being of 
secondary" importance. Consequently, the metallurgy of uranium is really the 
metallurgy of radium, and full details concerning the treatment of uranium ores will 
be found in the chapter on radium. In order to obtain the uranium alone, practically 
the same methods that are used for the extraction of radium can be used, the only 
difference lying in the fact that the radium need not be precipitated as a radium- 
barium sulphate, this step being omitted. Any method that gives a good extraction 
of the radium may be used to recover uranium, as it is necessary, of course, to decom- 
pose the mineral thoroughly in order to get the radium. 

Uranium is usually recovered as sodium uranate, carrying considerable vanadium. 
The oxide (UO 2 ) may be prepared from this by the Parsons method, which consists 
of fusing the sodium uranate with salt and a little carbon. The fused product is 
leached and washed, everything going into solution except the UO 2 . 

Por analytical purposes, uranium can be extracted from one of its ores by fusing 
with an excess of sodium carbonate. The melt is broken up, boiled with water, and 
filtered. The uranium ^oes into solution as the double carbonate of sodium and 
uranium, and will contain only small traces of aluminum and iron. On the addition 
of caustic soda in excess, followed by boiling, the uranium is precipitated as sodium 
uranate. If an ore is treated which also carries vanadium, the latter element will also 
be found in solution with the uranium. On the addition of sodium hydroxide, the 
uranium is precipitated, as already stated, and the vanadium remains in the filtrate. 
It is practically’' impossible, however, in such a case to precipitate the uranium free 
from vanadium. Commercially, the precipitate nearly always carries 5 to 8 per 
cent V-Ofi. The formula of sodium uranate is Na 2 U 207 , and it usually possesses 6 
molecules of water of crystallization. 

Concentration Methods. — Most uranium minerals can be concentrated mechani- 
cally. This is largely due to the fact that the specific gravity of these minerals is 
high, particularly pitchblende. Pitchblende can be concentrated by the use of jigs, 
tables, and slimers. On the table it appears as a black streak representing the 
hca\’iest mineral present. Next to this is pyu-ite, and usually a portion of the pitch- 
blende is found in the pyTJtc, which constitutes a middling that must either bereground 
and re-treated, or handled chemically. As the crystals of camotitc are extremely 
small, this mineral is not amenable to ordinary concentration methods. It can, how- 
ever, be concentrated in two ways: (1) by^ dry' methods, and (2) by sliming. The 
most satisfactory^ dry' method involves the use of the ordinary" Raymond pulverizing 
machine with a tubular dust collector. This has a beater chamber containing two 
sets of rapidly revolving beaters. Over the chamber is a cone of galvanized iron, 
within which is an inner cone, provided at its lower end with a swinging discharge 
gate. The two cones arc connected at their upper ends by' a number of small gate 
shutters and have a common top or cover plate. A large pipe from the center of the 
top leads to an exhaust fan, moimted on the same shaft as the beaters. This fan 
discharges into a cyclone dust and air separator, which is connected by a return pipe 
with the beater chamber of the pulverizer. A small pipe leads from this return pipe 
to a tubular dust collector. 'Die Raymond mill is used extensively’ to pulverize 
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cement, paints, etc In the sbmmg method the ore is ground and then stirred in 
water, getting as much attrition as possible in order to remove the carnotite crystals 
from the silica grams The latter settle quickly, and the carnotite n ith other fine 
material is slimed ofi mto another vat and allowed to settle Undoubtedly, torbemite 
and autumte could be concentrated in the same way as carnotite, but up to the 
present this has not been commercially carried out 

Metallic Uranium — Metallic uranium was first prepared in the electric furnace 
by Moissan ‘ He used 300 parts of UjOj and 40 parts of sugar charcoal and reduced 
the mixture m a carbon tube in the electric furnace The crude product contamed 
carbon and was purified by heating in a crucible brasqued with UjOj This crucible 
nas embedded m another brasqued with titanium, the object being to prevent action 
of nitrogen on the reduced uranium 1 he metal may also be prepared by the elcc- 
troljsis of the fused double chloride of uranium and sodium in an mert atmosphere 
using carbon electrodes * Keeney* has prepared the metal by reduemg UiOj with 
carbon in a Siemens furnace with magnesite w alls and carbon bottom The metal 
was allowed to cool m the furnace He got a product contammg 88 per cent U, 3 67 
per cent C and 2 47 per cent Si, which really consisted of uramum metal and uranium 
carbide 

Ferrouranium — Many unsuccessful attempts w ere made to produce ferrouranium 
before success was finally achieved The mam difficulty met with was that a low 
carbon alloy could not be made by variation of the carbon in the charge, because 
there was such a low recovery of uranium, both when the amount of carbon charged 
was about the theoretical amount required, and when the carbon m the ferrouramum 
was low Carbon could not be removed from an alloy contammg more than the 
allowable amount by usmg either iron oxide or uranium oxide, as can be done m other 
ferroalloys high m carbon "When this was attempted, the uranium m the alloy 
oxidized and went mto the slag leaving pig iron m the furnace Keeney* was unable 
to get a ferrouranium contammg as much as 30 per cent uramum, and, m addition, 
the carbon content was too high He was however, able to get a commercially high 
grade uranium metal as described above GiUett and Mack® succeeded m making a 
satisfactory ferrouranium by usmg a pure UOj, a low ash coke, and a pure iron as raw 
materials, with calcium fiuonde as slag former They stated that, by usmg a tilting 
direct arc type furnace with water cooled magnesite hearth and sides, it should be 
possible to produce commercially, without a second refining operation, ferrouranium 
of any desnred uramum content, say 40 to 70 per cent, with C averagmg below 2 per 
cent, Si below 0 75 per cent, V below 0 5 per cent, and with Al, S, P, and Mg all so low 
as to be negligible 

Uses of Uramum — Besides its use m steel, uranium has been used for many 
years as a colormg agent for glass Sodium uranate is usually desued, although 
uranium oxide is sometimes used as a substitute The color produced is opalescent 
yellow, tummg green by reflected light Usually about 20 per cent of uranium cal 
culated as oxide is required to produce the color, thus makmg the glass quite expensive 
Uramum salts are also used in the ceramic industry and produce yellow, orange, and 
black glazes The colonng power is great, and only small quantities are required 
Uramum salts have also been used to some extent as mordants for silk and wool, and 
also as a catalyst in the Bimthesis of ammoma from mtrogen and hydrogen * In 
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photography, uranium nitrate has been used as a sensitizing agent for paper. With 
potassium sulphocyanide it can be used for toning bromide prints. 

Since Keeney and Gillett made ferrouranium and commercial- uranium metal, 
some interest developed for a time in connection with uranium steel. One firm 
in this country had ferrouranium on sale and actively cooperated with one or two steel 
manufacturers in the manufacture of uranium steel. One part of uranium is supposed 
to replace 2 to 3 parts of tungsten in high-speed steels. Keenej^^ states that ferro- 
uranium can be added to steel in quantities up to 4 per cent with a uranium recovery 
of at least 50 per cent; and a recovery of 70 per cent can be made in steel containing 
less than 2 per cent uranium. A considerable portion of the carbon and silicon in the 
ferrouranium seems to enter the steel. For a steel containing less than 2 per cent 
uranium, the ferrouranium can be added in the ladle, but a higher percentage of 
uranium in the steel requires addition in the furnace, or chilling will occur. These 
results were obtained in the electric furnace, but uranium can also be made in the 
crucible furnace. Uranium steel has not come into general use, although some of the 
steelmakers have claimed that uranium is a satisfactory substitute for tungsten in 
certain cases. 

Analytical Methods for Uranium. — A number of methods arc suitable for the 
analysis of uranium ores, and these are discussed at length in Bulletin 212 of the 
U. S. Bureau of Mines. Tlic following short method is usually satisfactory. 

Take a 2- to 5-g. sample, ignite if it is carbonaceous, add 16 cc. of 1:1 sulphuric 
acid and a few drops of nitric acid, and heat till fumes of sulphur trioxide appear. 
Cool, dilute to 100 cc., add an excess of sodium carbonate and hydrogen peroxide, 
boil 10 min., filter, and wash with hot water. The iron precipitate should be washed 
back in the beaker, digested with fresh soda solution, and refiltered, combining the 
filtrates, which arc then acidified with sulphuric acid. After boiling off all CO 2 , 2 g. 
of ammonium phosphate is added, the solution is made slightly alkaline with ammonia, 
and then barely acidified with acetic acid. The precipitate is gently boiled for 10 
inin., filtered, and washed thoroughly with a hot 2 per cent ammonium sulphate 
solution. For accurate work, the precipitation may be repeated. Dissolve the 
precipitate in 1:4 sulphuric acid, and wash to a volume of 100 cc. Add an excess of 
potassium permanganate and 10 cc. sulphuric acid, and after warming a few minutes 
add 5 g. of granulated zinc. Keduce hot for 10 min., cool, filter through glass wool, 
washing to a volume of 250 cc. with cold water. Titrate with 0.05A^ -permanganate. 
The iron value of the permanganate times 2.5176 = UaOs. 

TUNGSTEN 
(Atomic weight = 184) 

Occurrence. — There arc four reasonably common tungsten minerals found in 
the United States. Fcrbcrilc, wolframite, and hubneritc are closely associated as 
regards their composition. Fcrbcrite is usually classed as an iron tungstate, although 
it may and often does carry moderate quantities of manganese. Wolframite is an 
iron-manganese tungstate, carrjung usually, however, more iron than manganese. 
Ililbncrite is a mangancso-iron tungstate containing more manganese than does wolf- 
ramite. These minerals form a complete scries with almost an infinite number of 
members between a pure iron tungstate and a pure manganese tungstate. Schcelite, 
calcium tungstate, is the fourth. It is now the most important tungsten ore. It is 
easily identified by a blue fluorescence in uItra\dolet light. This method of detection 
is verj’ useful in prospecting and mining scheclitc. 


* BulK Aiipust, 1918, p. 13GG, 
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Ifess* has suggested the following definitions “Ferberite should be considered 
as an iron tungstate, Fe^ 0<, contaminated by not more than 20 per cent Mnft 0*, 
a proportion equn alent to 4 69 per cent MnO, or 3 63 per cent Mn m the pure tungsten 
mineral Hubnerite should be considered as manganese tungstate, MnW04, con 
tammated by not more than 20 per cent FeT;\ O4, a proportion equivalent to 4 74 
per cent FeO, or 3 69 per cent Fe Wolframite should cover the ground between the 
limits above indicated That is, wolframite should be considered a mixture of iron 
and manganese tungstates containing not less than 20 per cent nor more than 80 
per cent of either Except the bght-colored htibncrites, most of these minerals cannot 
be detected by the eye or by simple tests, and in the absence of analyses it is therefore, 
convenient to refer to the dark minerals of the series as wolframites ' Ferberite and 
wolframite when pure, are black A\ hen partly oxidized they may appear brownish 
from the presence of iron oxide Htibncnte is characteristically brown, some speci 
mens, however being yellowish others reddish, and some nearly black Ihese 
mmerals are all monoclmic m form Ferberite has more of a tendency to form well 
defined crystals than do the others In hardness, all these minerals are a liUlc 
over 5 Their specific gravities range from 7 2 or 7 3 in hlibnerite to 7 5 m ferberite 
while the specific gravity of wolframite is intermediate between these figures Scheel 
ite IS a calcium tungstate, CaWO^ In color it is usually white, light gray, or hght 
yellow although its color may occasionally vary from greemsh yellow to brown 
Its luster IS slightly glassy It is found in granular masses, or in irregular lumps of a 
more or less coarse texture Its hardness is a little less than 5, and its specific gravity 
IS approximately 6 It possesses four directions of good cleavage Other tungsten 
mmerals of less importance are stolzite or lead tungstate, cuprotungstite or hydrated 
copper tungstate, and tungstite or tungstic ocher, a hydrated tungstic oxide 

Ferberite is found m several western states, but mainly in Colorado m the Boulder 
district This district has a length of 12 miles m a northeast and southwest direction, 
and a w idth of about 7 miles and begins about 6 miles due west of the town of Boulder 
The tungsten i ems are in many w ajs similar to the gold vems of the district and seem 
to have a close connection with them in genesis Hubnerite and wolframite are 
mainly found in New Mexico, Arizona Nevada, and South Dakota, although the 
mmerals are frequently met with in small quantities in other states iTiey do not 
form so important a commercial source of tungsten as ferberite and scheelite Con 
centrates of the latter mmeral are produced m California near Atolia, San Bernardino 
County, and also m Inyo County near Bishop For many years the Nevada-Rfassa- 
chusetts Co has been the largest domestic producer from mmes in Humboldt County, 
Nevada Ilecent search for strategic minerals bj go\ emment geologists and engmeers 
has revealed a large deposit of high grade scheelite in the Aellow Pine District, 
Valley County Idaho Scheelite concentrates are recovered as a by product of gold 
ores from the Jardme mme m Park County^ Montana Wolframite is mined and 
concentrated in Stevens County, Washington Domestic production of tungsten 
falls far short of our need'*, and imports of concentrates are received from the following 
sources listed m the order of importance China, Bolivia, Argentina Australia 
Portugal, Thailand Peru, Mexico, Burma, India 

Extraction from the Ores — Up to recent years, most methods of treatment of 
tungsten ores were small modifications of the original Oxland process which was 
patented m 1847 This involves a fusion with sodium carbonate of the finel) ground 
ore previously leached with hydrochloric acid to get nd of traces of bismuth if the 
metal is present Sometimes a small amount of sodium mtrate is added to the 
sodium carbonate The mixture is placed in a reverberatory furnace and sintered 
care being taken not to fuse it It is then removed and ground Frequentij, this 
11/5 SvrttTi Bull 6a2 p 22 
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treatment does not give a sufficiently high extraction of the tungsten, and im^olves 
a second sintering process. The sintered mass is leached “with hot 'water in tanks. 
Tungsten dissolves as sodium tungstate, while the iron, calcium, and most of the 
manganese remain insoluble. Some of the phosphoric acid and silicic acid also dis- 
solve as silico- and phosphotungstates. Traces of manganese may also dissolve, owing 
to the sodium nitrate present, as sodium manganate. The solution of sodium tung- 
state may be either evaporated to dryness, or evaporated to the point at which crys- 
tallization takes place. The chief impurities are sulphates, silicates, and arsenates 
of sodium, with traces of iron and manganese. Iron, manganese, and arsenic are 
precipitated by a small quantity of caustic soda, and the greater portion of the sodium 
sulphate will crystallize out before sodium tungstate. The silica remains in the 
mother liquor, after the crystallization of the sodium tungstate, and causes some loss 
of tungsten in the form of soluble silicotungstates, which, however, can be used as 
by-products for fireproofing purposes. The fairlj^' pure sodium tungstate is redis- 
solvcd in boiling water and added to a boiling solution of hydrochloric acid made up of 
1 part of concentrated acid and 7 of water. Sometimes about 5 per cent of nitric 
acid is added. The result is the precipitation of the tungsten as hydiatcd tungstic 
oxide, which is filtered off and washed in filter presses. It is important that the oxide 
should be washed free from sodium salts, as otherwise on drying it has a greenish tinge 
which is not attractive to p^chasg is. - 

One of the best mcthoiSpirnotr the best, for producing a high-grade tungstic 
acid is that of Ekclc 3 ’' and Stoddard.^ This process is used at one mill in Boulder 
County for the treatment of medium-grade ferberite ores and concentrates. Usually 
middlings from the mills, or ore running 15 to 25 per cent WO 3 , are used. The prod- 
uct is a high-grade tungstic acid, said to contain less than 0.03 per cent phosphorus 
and 0.03 per cent sulphur, with onl^' a small percentage of silica. After drjdng, the 
oxide runs 99 to 99.7 WO 3 . The ore is mixed with sodium carbonate and salt, and 
the charge is placed in sheet-iron pans 2 X 4 ft. and 6 in. in depth. This is placed 
in a firebrick furnace heated by oil burners. Tlie charge is so proportioned that a 
glass slag is obtained. The heat-treatmont requires about an hour, at the end of which 
the pans arc pulled ovit of the furnace onto an iron rack, clamped, and inverted, and 
the fused charge dumped into an iron receptacle, where it is allowed to cool. It is 
broken into pieces and grovmd in a crusher to approximately J^-in. size. It is then 
mixed in a cement mixer with a hot-water wash liquor from a previous run. The 
contents are dumped into a screen-bottom trough, which retains the coarse residue. 
This is shoveled back into the mixer and washed with hot water, the wash water being 
used in the next run. The concentrated solution is allowed to settle, and the clear 
solution is given a secret treatment, which removes the last traces of the phosphorus, 
arsenic, silica, and other deleterious substances. This probably involves the use of 
magnesium chloride as a precipitant. After filtering, the clear solutions arc run 
into a large wooden tank, heated, and calcium tungstate is precipitated bj" the addition 
of a solution of calcium chloride. The precipitate is allowed to settle and is scraped 
out and treated with commercial hydrochloric acid in a wooden revolving drum. 
After settling, the solution is drawn off through suction filters. The residue is treated 
twice with hydrochloric acid in this manner, and finally the whole is dumped onto the 
suction filters. This treatment produces tungstic acid as a precipitate, and the acid 
solution contains calcium chloride and calcium sulphate. This is allowed to run into 
stone vessels, in which the calcium sulphate crystallizes out, and the clear .solution is 
drawn off into barrels, to which lime is added, which produce .3 calcium chloride for 
further use. 


» U. S. pnO'ntM I255H1 and 1322485. 
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Acid leschmg methods are also used in connection with all the commercial tungsten 
ores They are especially used for gettmg rid of manganese, and give good results 
with scheehte Ferberite, « olframitc, and htibnente are soluble in hot concentrated 
hydrochloric acid but it is necessary to digest the ores in the acid for a considerable 
time Under such conditions the ores are decomposed and the manganese goes into 
solution, nbile the tungsten is precipitated as tungstic acid and remains with the 
insoluble residue After filtering, the residue is extracted with ammonia, which 
dissolves the tungstic acid, giving ammonium tungstate On ignition, this is decom- 
posed giving tungstic acid and ammonia, which may be recovered for further use 
Phosphorus is gotten rid of at some stage in the operation by precipitating with 
magnesium chloride, or, if tungsten powder is made from the tungstic acid, a con 
siderable amount of phosphorus can be leached out of the powder with hydrochloric 
acid Scheehte is soluble m hydrochlonc acid, but one firm adds to the ease of 
solubihty by usmg hydrochloric acid and sodium chlorate The decomposition of the 
ore takes place in acidproof earthenware pots in a hood with a steam draft After 
complete decomposition the tungstic acid and msoluble edica are filtered ofi By 
using high grade scheehte the amount of silica present is not large, and the refimng of 
the product is not earned any further, but the acid, without further removal of the 
silica, IS used for the manufacture of tungsten powder 

Gm^ suggests a bisulphate fusion for the ore whenever tm is present This 
method, therefore does not apply specially to American ores, but is useful for some 
of the foreign ores The tm can be largely separated from the tungsten ore by means 
of magnetic separation but there is usually at least 1 per cent of tin oxide left behind 
with the tungsten The ore is decomposed by means of acid potassium sulphate in 
a muffle furnace After the sulphate is fused, the ore is thrown in, the mass is stirred 
continually, and the temperature mcreased until the whole mass is flmd enough 
to run out of the furnace After solidification the fused mass is ground and treated 
with water, which dissolves the soluble sulphates and phosphoric acid and leaves 
insoluble potassium acid tungstate as a white amorphous precipitate About 50 
per cent excess of bisulphate over that theoretically required la actually necessary 
TTie msoluble residue is dried and treated with a warm solution of ammonium car 
bonate or cold ammoma water in w hieh carbon dioxide is passed The potassium 
acid tungstate dissolves leaving the silica, the cassitcrite, and the msoluble sulphates 
The solution is evaporated to crystallization, which gives ammonium tungstate, from 
which tungstic oxide is made by heatmg 

Concentration. Methods — Tungsten minerals have high specific gravities and are 
readily concentrated by jigs and tables They slune badly, and sbme tables or "rag 
plants*’ were formerly used to hmit losses of slimed mineral Recent advances m the 
art of flotation ate now bemg appbed to the concentrations of scheehte ore with con 
SiAiedate concentra'ies oi'ien contain consicienffa’ie gamut 
magnetically separated A roast to remove sulphur is also used m some cases 
Milling procedures have been improved and now yield 85 to flO per cent recovery m a 
concentrate well above the muumum (60 per cent WOi) market grade 

Metallic Tungsten — Metallic tungsten can be made in ft number of wayn The 
purest product is obtamed by heatmg a very high grade tungstic oxide in a current of 
hydrogen The oxide can also be reduced by means of carbon or metallic *mc 
Metallic aluromum and magnesium also can be used mstead of zinc Most metalhc 
tungsten prepared commeTcially is m the form of powder for making tungsten steel 
Reduction with carbon is the method usually used, as the reaction goes readily and 
presents few difficulties The reduction can take place either m a steel tube or in a 

« Vrant Am. Elttfrochtm Sot, Vol 13 p 481 
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covered steel crucible, Davis^ has carefully studied the conditions and temperatures 
necessary for the reduction of tungstic oxide to the metal. He finds that at 650 to 
850° the oxide goes to a black or purple on heating with carbon ; at 950 to 1050°C. a 
chocolate-colored product is the result (probably WO 2 ) J nnd at temperatures above 
1050°C. the gray powdered metallic tungsten results. The ratio of tungstic oxide to 
carbon varies from 10: 1 to 10:1.6, depending on the process used, the temperature of 
reduction, and the time involved. A small excess of carbon can be partially removed 
by washing. Both fire-clay crucibles and iron tube give satisfactory results, and a 
product of over 98 per cent metallic tungsten can be produced. Whereas the reduc- 
tion to metal is complete at 1050°C., it is better to keep the temperature around 
1100°C. 

Shapely^s process for producing commercial tungsten is tlius described:* A scheelite 
concentrate is mixed with crude soda (trona) in a ball mill, and the batch transferred 
to a firebrick crucible and melted with crude oil fuel, the flame striking directly on 
the charge. When the melt is quiet, the charge is tapped, the molten material flowing 
directly into a small Pachuca tank nearly filled with water. The water is agitated 
violently by compressed air during the poiiring of the charge and for an hour in addi- 
tion. The action of the water on the molten sodium tungstate shatters this material 
so that it will all pass a 20-mesh screen and the sodium tungstate is easily’' and com- 
p\iAe\y fiissoVeed. The charge irom \hc Pachuca ^ tran^ierred tc a rcdvjccd filter 
tank having a filtering medium of coco matting and canvas. The filtrate runs to 
storage tanks through a small filter press having filter paper between the plates. An 
absolutely clear solution results and, as the amount of insoluble matter is small, the 
press is cleaned only at rare interv’^als. The material in the filter tank is washed 
several times and tlie wash water returned to be used for the next melt. 

To precipitate an easily filterable tungstic oxide, the solution is brought to boiling 
by means of steam coils placed directly in the solution, and the boiling solution is 
transferred to stoneware crocks. The crocks arc jacketed for hot water and contain 
enough hydrochloric acid to precipitate the tungsten as oxide. (About 3 per cent of 
nitric acid is used with the hydrochloric.) If the solution is kept nearly at the boiling 
point, the precipitate will be comparatively coarse grained and easily filtered. 

The precipitated material is allowed to stand for an hour at a temperature close 
to 100°C., and the clear, weak acid solution decanted and replaced with distilled water 
obtained from the heating coils. The precipitate is run into a flat-bottomed filter 
tank having a filtering medium of coco mat and canvas (protected with shoveling 
strips) and is washed repeatedly with distilled Tvater. An acid-free product results, 
containing about 45 per cent water, as determined by beating a sample to 500°C. 

The batch is then transferred to a wooden mixer similar to a butter churn, and the 
correct amount of gas-house carbon is added to reduce the tungsten oxide to the metal. 
After kneading for half an hour, the mixture is transferred to fire-claj^ crucibles and 
allowed to dry slowlj’’, waste heat from the reduction furnace being used to dry the 
product completely. Any reduction in volume due to shrinkage during drying is 
made up with more dry material, and the crucibles are covered with a graphite lid, 
ground to fit. 

Reduction is done in a special furnace, which is operated continuously and reduces 
a charge in about a 4-hr. heating at 1250°C. Fuel oil is used for heating the furnace. 

The metallic tungsten is a lumpy gray mass that must be ground and screened, 
and packed in 100-lb. tins. 

The process used by the Fanstecl Products Co. uses a hand-picked wolframite ore 
which is charged in a small reverberatory, 200 lb. ore to 100 lb. soda ash. The 

* Jour, Ind, Kno, Chem,, Vol. 11, No. 3, p. 201, 

* CKrn, Mei, fTnp., Vol. 24, p. 374, Mar. 2, 1921, 
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charge is liand rabbled at 800*C , w Inch con^ erts all manganese oxide to dioxide, 
while the following mam reaction takes place 

2Fe^^ O4 + O + KaiCO, =* ZNajWO, + FejO, + 2CO, 

The lemperatnrQ must be kept low enough, not to fuse the mass The furnace 
bottom IS now a 1 in iron plate, but basic brick is recommended 

The furnace product is leached, and the sodium tungstate solution at 30 to 50“Bf 
13 brought to boiling and 20°B6. calcium chloride solution added The calcium 
tungstate thus produced is washed by decantation and is then boiled b3 means of lire 
steam with hj drochloric acid, thus producing tungstic acid 

This tungstic acid is then converted to ammonium paratungstate and thearamunia 
remoxed b> nitric acid Ileference to the original article should be made for details 
of this process * 

Davia also found that the temperature of reduction with hjdtogen at ordinary 
pressures la much the same as with carbon The properties of metallic tungsten are 
unique, so that when it was first prepared it led to a search for methods for producing 
the metal m a ductile form It was found that this could be done by repeated heating, 
rolling, hammering, drawing and swagmg Cast tungsten, or tungsten powder, 
differs widely m its properties from the pure raw material, such as is used in the manu- 
facture of m candescent-lamp filaments The tungsten powder is brittle, crjstallme, 
and hard and has a specific gravity of 16 to 17 The pure metal is softer and tougher 
and can be welded at a yellow heat, even drawn into fine wire Its specific gravity 
13 10 3 or over, and the melting point close to 3270‘’C A wire of S-min diameter has 
a tensile strength of mor^than 450 000 lb to the square inch At a red heat, tie 
metal oxidizes m air hleltcd sulphur and phosphorus attack it slowlj, potassium 
bisulphate, caustic alkalies, and fused nitrates attack the metal, but solutions of these 
salts have practically no action on it Hot dilute sulphuric acid affects it only slightly, 
but the concentrated acid dissolves the metal slowly At ordinary temperatures 
hj drochloric acid of any concentration has practically no action, but the strong boiling 
acid dissolves it slowly Concenttaled nitric acid and hydrofluoric acid liave very 
little action on tungsten, but the two acids when mixed attack it fairly rapidly 
Ferrotungsten — Tungsten is the pTincipal rare metal used for alloy purposes 
in connection with the manufacture of high speed steels In making this steel eithci 
ferrolungstcn or tungsten ponder may be used The annual production of the two 
13 probably about equal in quantity When ferbente is used, practically all fenv 
tungsten IS made directly from the high grade concentrate without previous chemical 
treatment of the ore The product obtained m such a case contains usually 70 to 
85 per cent W , 0 6 per cent C, 0 4 per cent Si, 0 5 per cent Mn, 0 01 per cent S and 
0 02 per cent P Ferrotungstcn baa a high density and fine gray fracture, and « not 
crystalline 

Keeney* gives a detailed description of the manufacture of feirotungsten Tho 
reduction with carbon goes readily The slag may contain ns high as 8 per cent FeO 
but less than 1 per cent 'l\0» Theoretically, the reduction of lOO parts of alloy 
from 122 parts of ferbente requires 16 parts of carbon, but practically about 25 per 
cent excess of carbon is charged Small amounts of lime and fluor spar are u-«d to 
flux the silica Operating in this manner, with an excess of carbon, a product is made 
containing 3 per cent C, 70 per cent W, 0 05 per cent P, and 0 01 per cent S, with slag 
contammg below I per cent \\0, The analysi'i of a typical concentrate for the 
manufacture of such a product is 11 Oj, GO 36, Fe, 22 0, SiOj, 8 0, Mn 0 05, S 0 35 
and P, 0 05 per cent * 

1 Cfirrn, Hh Eng \ ot 32 p 0 J»n 7 1920 
•Bufl A f it E AtiKiint 1913 p 1338 
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A typical operation involves charging into the furnace 65 lb. of a mixture composed 
of 200 Ib. concentrate, 42 lb. coke, 56 lb. lime, and 6 lb. fluor spar. Three more 65-lb. 
charges are added at interv^als of Yz hr., and at 2J^ hr. from the start the furnace is 
tilted and the slag poured. This cycle is repeated until a 1200-lb. button has been 
formed, requiring 24 to 36 hr. The furnace is allowed to cool, is torn down, and the 
button of metal removed, cleaned, and broken up. This crude metal is refined as 
follows: A charge of 150 lb. metal and 75 lb. ferberite concentrate is smelted for Y 
when 12 lb. of fluor spar is added. After another 3 hr. the slag is poured and a fresh 
charge is started. The process is continued for 36 to 48 hr, until a button weighing 
1500 lb. has been formed, when the furnace is allowed to cool, is torn down, and the 
button of metal removed, cleaned, and broken. Ferrotungsten containing less than 
1 per cent carbon can be made in a single smelting operation by careful regulation 
of the carbon in the charge and the use of an acid slag. The product, however, is less 
pure and the slag loss is higher. In addition, the metal will contain more phosphorus 
and sulphur. 

Tungsten Carbide. — Tungsten carbide is nearly as hard as a diamond, but it is so 
brittle and hard to prepare in massive form that no use was made of this property 
until recently. By a method developed in Germany, fine crj’stals of tungsten carbide 
are mixed with powdered cobalt, pressed into small bars, and sintered to produce 
most remarkable tips for machine tools. Although the amount of tungsten thus used 
is small, carbide-tipped tools have had a profound effect on the machine-tool industry. 
They can be used to machine hardened steel, glass, porcelain, plastics, and many other 
substances that were formerly cut only with diamond points. The carbide tips are 
much more rugged than a diamond and are not injured when cutting plastics with 
metal inserts. With these tools the cutting speed of lathes can be increased many 
fold, and much less time is required to maintain a sharp cutting edge. 

Uses of Ttmgsten. — The main use for tungsten is in the manufacture of steel, 
especially high-speed steel. Such steel is generally made by the crucible process, 
although not always. A steel suitable for such use may contain as high as 15 or 20 
per cent tungsten, and as low as 8 or 10 per cent tungsten, and 4 per cent chro- 
mium. Vanadium and molybdenum may also be used in small quantity, and uranium 
has in some special steels partially replaced the tungsten. Tungsten is also used in 
self-hardening steels, or those requiring no tempering after forging. They may have 
a composition between the following limits: W, 2.4 to 3.4 per cent; Cr, up to 6 per cent; 
C, 0.4 to 2.2 per cent; and Si, 0.2 to 3 per cent. 

The chief property that tungsten gives to steels is tensile strength, which, with 
the clastic limit, increases within certain limits as the percentage of tungsten increases. 
Elongation and resistance to shock diminish proportionately, and the hardness 
increases fairly consistently with the percentage of tungsten. Tungsten is also used 
for filaments in electric lamps. For making the filaments, the ^^squirting process was 
originally employed. This involved mixing metallic tungsten powder with an organic 
binding material, such as gum, and these were squirted into the filament. The car- 
bon was eliminated by placing the filament in an atmosphere containing a volatile 
compound of tungsten, such as the oxychloride, and a small quantity of liydrogen. 
On henting^ the filament by an electric current, the carbon was replaced by tungsten. 

Another method consists in mixing metallic tungsten powder with an amalgam 
containing equal amounts of cadmium and mercury and squirting the mixture tlirough 
a die in the usual way. The cadmium and the mercury in the filament arc volatilized 
by heating, and the filament retains the usual brittleness, but after continued heating 
at higher temperatures the filament becomes pliable and can be bent. Drawn fila- 
ments arc now used, the drawing being made possible by hammering, heating, swag- 
ing, etc. Tungsten is also a constituent in the so-called ^‘bronze powders’^ employed 
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for decorative purposes, and lias also been used to a small extent m the fireproofing 
of cloth and other fabrics, as a mordant for silk, and for coloring glass and porcelain 

Analytical Methods for Tungsten — Tungsten m ores can be determined qnantita 
tively by the following method The ore ground as finely as possible in an agate mortar 
js fused with five to ten tunes its w eight of sodium potassium carbonates and extracted 
with hot water If any gritty particles remain another fusion is necessary An equal 
volume of concentrated hy drochloiic acid is added to the aqueous solution of the 
alkalme tungstate, and the whole evaporated to dryness, after which the sihca is 
dehydrated by heating at 120°C for an hour The residue is moistened with hydro- 
chloric acid, taken up with water and boiled, then filtered and washed with 5 per cent 
HCl or ammonium nitrate solution The filtrate contains a small amount of tung 
Bten, which is determined bj heatmg the filtrate and the washings to boiling and 
adding 5 to 6 cc of a cmchonine solution, made by dissolving 25 g of cmchonme in 
200 cc of 1 1 HCl This is allowed to digest on a hot plate, while the other opera 
tions are bemg performed 

The precipitated tungstic oxide is dissolved in hot ammoma solution (Matts 
solution of 200 cc of strong ammonia, 1000 ce of water, 10 cc of HCl), filtered mto 
a plstinura dish, in which the filtrate and washings are evaporated to dryness and 
Ignited The cinchonine precipitate is filtered and w ashed with hot dilute cinchonine 
solution (100 cc water to 5 to 6 cc of the above solution), dried, and ignited m 
the platmum dish with the tungstic oxide A few drops of sulphuric acid and a httlc 
HF are added, and the SiOj driven off at a dull red heat The tungsten is weighed 
as Small quantities of impurities may be removed by treatmg the MOj with 

the ammonia solution filtenng and again igniting 

Ferrotungsten can be analyzed by the following method, which was used at the 
laboratories of the Tungsten Products Co at Boulder, Colo 

The refined ferrotungsten, crushed and rolled to pass a m mesh screen goes 
to a machine w hich automatically mixes samples and sacks the product for shipment 
The sampler is of a type developed by this company, which cuts one fifth of the total 
inix This cut passes through the machine again after being rolled to approximsfelv 
H m mesh If the original mix is very large, the operation la repeated to bring the 
weiglit of the sample down to less than 500 Ib This final sample from the automatic 
13 passed repeatedly through a riffle sampler until the last cut weighs 15 to 50 Ih 
This goes to the laboratory sampling department, where it is reduced in a steel mortar 
to pass a ffc m screen The pounding necessary for this process is done by a 2 in 
Ingersoll Rand piston drill set up vertically in a frame above the mortar and pcstk 
ui such a manner that it is used as an air hammer The sample is thoroughly mixed 
and split twice and one-quarter la then lurlheT reduced to pass a lO-mesh screen 
This procedure of screening, mixing, and splitting is contmued through a senes of 
screens until the last portion passes the 200-iiiesh screen, givmg the analyst about 
tfi fcrthy powirereft me*ia1 The operation ol reduemg a samp’i'-TWVwl 

from the smelter to a 100-g laboratory pulp of 200-mesh powder by this system 
requires about 1 hr 

For the determination of tungsten two 1 g samples are mixed separately m nickel 
crucibles with about 5 g of sodium peroxide and a cover of sodium carbonate Fusion 
IS done m an electric muffle at about S00'’C , which requmea 6 to 7 mm to make a 
perfect decomposition Cool, leach out in water in covered 400-cc beakers Remove 
irucibles, and acidify carefully w ith by drochloric acid, using a moderate excess Add 
about 2 cc nitric acid or HjO* to assist in dissolving any small fragments nickel 
oxide scale, and bring to a boil Most of the tungsten separates as H»W0< and aU 
iron and nickel salts are in solution Add about 40 cc cinchonine solution, stir and 
let stand in a warm place for about 4 hr , or preferably overnight This precipitates 
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all the remaining tungsten as cinchonine tungstate, and it has proved to be just as 
effective a reagent for this purpose as quinine hydrochloride. Filter off the settled 
precipitate through a 15-cm. close-weave paper arranged over a platinum cone and 
suction flask. Wash thoroughly with warm dilute cinchonine wash water, using 
gentle suction. No trouble will be experienced due to the precipitate sticking to the 
beaker if a few drops of hydrofluoric acid are used. 

The washed precipitate is transferred to a shallow gold dish of known weight and 
ignited to WO3 in the muffle. Cool, moisten with 10 or 12 drops of hydrofluoric 
acid to remove any traces of Si02 which might be carried down, dry, and ignite again. 
Weigh and calculate to W. The factor is 0.793. Duplicate determinations carried 
out in this way should check to within 0.10 per cent. The proportions used in the 
cinchonine solution are 50 g, of cinchonine alkaloid dissolved in 2 1. of cold water 
containing 150 cc. of hydrochloric acid; for the cinchonine 'wash water, 100 cc. of the 
above cinchonine solution and 50 cc. of hydrochloric acid diluted to 1 1. with ho^- 
water and used from a bulb wash bottle is convenient. For the determination of 
carbon — ferrotungsten and tungsten metal powder burn completely and readily in 
oxygen — and carbon is easily determined in any type of combustion train. In the 
laboratory mentioned they prefer to catch the CO 2 in a Meyer bulb in 2 per cent 
barium hydrate solution, to filter, wash, and weigh the BaCOs. 

Tlie usual fusion-oxidation methods of determining sulphur are all open to objec- 
tions when applied to a ferroalloy or other material w^hose sulphur content is below 
0.05 per cent. The blank is always high, due to traces of sulphates in fluxes and 
reagents used and the danger of picking up fumes or traces of sulphuric acid from the 
apparatus of a general laboratory. The sulphur content of ferrotungsten occurs as 
sulphides, which, in a finely ground sample, are completely decomposed, yielding HzS. 
This suggests at once the application of the method which has been used successfully 
for many years. Two to five grams of 200-mesh ferrotungsten or metal powder is 
weighed into an evolution flask. Cover with 50 cc. of water, and add 25 cc. of strong 
hydrochloric acid by way of the separatory funnel. Heat to boiling, and boil for about 
10 min., catching the evolved gas, air, and steam in ammoniacal cadmium chloride 
solution. The usual yellow precipitate of cadmium sulphide shows the presence of 
sulphides in the alloy. Wash the cadmium chloride solution from the bulbs, then cool, 
acidify with hydrochloric acid, and titrate at once against a weak iodine solution 
(1 cc. = 0.0005 g. of sulphur), using starch as an indicator. The iodine solution is 
standardized by using a government standard steel of known sulphur content, or by 
using a ferrotungsten of known sulphur content. Boiling with dilute hydrochloric 
acid docs not dissolve the alloy, but does decompose the sulpliides present, as may be 
sliown by filtering off the contents of the evolution flask after the operation and exam- 
ining for sulphur by a fusion method or by a combustion method. 

The removal of phosphorus from the alkaline liquor after a fusion decomposition 
of ferrotungsten presents certain difficulties. Precipitation with magnesia mixture 
from dilute solutions is incomplete unless much time js allowed for this step, also 
precipitation from concentrated solutions either as magnesium-ammonium phosphate 
or as aluminum phosphate tends to drag doum some tungsten, involving another 
step for its removal. To avoid these difficulties, the use of uranium acetate has been 
introduced at this stage. The precipitation is quantitative from moderately dilute 
solutions, and no dragging down of tungsten occurs. Weigh a 1-g. sample into a nickel 
crucible containing 6 to 8 g. of chemically pure NajOs. Mix thoroughly and cover 
with about 1 g. of chemically pure NajCOj. Ignite in a muffle to complete fusion 
of the fluxes. Cool and leach out carefully wdth warm water in a 250-cc. covered 
beaker. Ilcmove the crucible, and partly neutralize the NaOH with 25 cc. of HCl 
(1:3) to permit filtering without dilution. Stir and then allow the dense Fe(OH)a to 
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settle out while standing on a warm plate Decant off through a qualitative 

paper into a 600-cc beaker "Wash the precipitate into the filter, allow it to dram 
thoroughly, then give it two good washes with hot water, stirring up the precipitate 
well with a fine jet Reserve this precipitate of Fc(OH)», which contains a small 
amount of phosphorus, to add to the uranium precipitate obtained from the tungsten 
solution 

Acidify the filtrate of sodium tungstate and sodium phosphate with acetic acid, 
usmg 30 cc of 40 per cent acetic Add 2 cc of 6 per cent uranium acetate solution 
Boil off all COj Make just alkaline with NH 4 OH (1 1) This will require about 
20 cc The precipitate is ammonium uranyl phosphate Add 2 cc more uramum 
acetate, which precipitates at once as uranium hydroxide and serves to drag down the 
last traces of phosphate, as well as to assist in filtering the ammomum uranjl phos- 
phate Boil off any large excess of NHiOH Filter through a qualitative paper, and 
wash twice with hot water to remove tungsten Place the precipitate in the same 
beaker together with the iron precipitate obtained above, add 30 cc water and 25 
ce strong nitric acid Boil until both precipitates are in solution and the filters 
reduced to pulp Filter into a 50(bcc Erlenmeyer flask, washmg the pulp once with 
hot water Add 5 cc of 5 per cent KMnOj solution to acid filtrate Bod to oxidize 
all phosphorus to HjPO» Clear of MnOj by adding 2 cc of HjO* (1 1) Boil to 
remove excess HjOi, and cool under the tap Add 45 cc of NH»OH {1 1), which will 
nearly neutralize the nitric acid, then 50 cc of moljbdate solution Stopper the 
flask, shake for 5 mm , and let stand at least 15 mm before filtering Filter through 
a 9-cm filter Wash with acid ammonium sulphate w ash solution to remove all 
nitromolybdate Dissolve the yellow phosp ho molybdate m hot dilute amroonu 
water, which must be free from chlorides, mto the same Erlenmcj er flask Wash the 
paper well with alternate washes of ammonia water and hot water When cool, 
acidify with 5 cc of IIjSO* (1 1) and pass through the reductor, foUowuig with a 
thorough wash of cold water Titrate against standard KMnOi solution to the same 
end point as used in determining the reductor blank The iron value of the standard 
permanganate solution times 0 0163 equals the P \alue The ammomum sulphate 
wash solution must be distmctly acid A good formula is HjSO^ (1 1), 100 cc , 
NH 4 OH (1 1), 60 cc , water, 21 If convenient, it is well to allow the precipitate of 
yellow phosphomolybdate to stand about an hour after shaking for 2 mm A blank on 
all reagents, including a fusion of NajOi and NajCOi, should be earned through with 
the determinations It is sometimes desirable to add a measured quantity of dilute 
phosphate solution of known phosphorus content to the blank for close work Checks 
should agree within 0 015 per cent P 

MOLYBDENUM 
(Atomic weight = 96) 

Occurrence — The chief commercial minerals of molybdenum are molybdenite, 
MoSi, wulfemte, PbMoO, and molybdite, FejOj 3MoOj TKHjO Of lesser impor- 
tance are ilscmannite (possibly hloO, SO3 5H jO) , belonesite, MgMoOi, and powelhte, 
CaMoOi The first three are the only ones from which molybdenum is obtained 
commercially Molybdenite contains 59 5 per cent molybdenum and 40 5 per cent 
sulphur It IS a soft opaque lead gray mineral with metallic luster It frequently 
occurs m flakes or scales, resembling some micas as regards its cleavage In hardness 
it ranges from 1 to 1 5, and readily leaves a mark of a bluish gray color on a paper 
Its specific gravity is 4 7 to 4 8 The mmeral is widely distributed throughout the 
United States, especially in the est, and, whereas it is found in a large number of 
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localities in small quantities, there are also several large deposits which are being 
worked commercially. 

The most important of these is at Climax, Colo., near Leadville. Here a largo 
portion of a mountain is impregnated with the mineral, and, whereas the grade aver- 
ages less than 1 per cent M 0 S 2 , the amount of ore available is very large. Another 
large deposit is on Ked Mountain, near Empire, Colo., about 50 miles due west of 
Denver. There are two mills at Climax and one at Red Mountain. Smaller deposits 
of molybdenite are found in several places in the United States, especially in Arizona, 
New Mexico, Nevada, California, etc. Wulfenite contains theoretically 26.15 per 
cent of molybdenum and 56.42 per cent of lead. It is a brittle, heavy, semitransparent 
mineral with resinous luster and is generally of a wax or orange-yellow color, although 
occasionally it is olive green, j^ellowish gray, or even brown. Its hardness is 2.75 to 
3, and its specific gravity is 6.7 to 7. It crystallizes in the tetragonal system, and the 
crystals are commonly square and tabular and sometimes very thin. Less frequently, 
they arc octahedral or prismatic. Like molybdenite, wulfenite is widely distributed 
in the western states; probably the largest known deposit is at the Mammoth mine, 
Mammoth, Ariz., from which a very considerable tonnage of concentrates has already 
been obtained. It is, however, found in numerous other places in Arizona, Nevada, 
and to some extent in New and Old IMexico. Molybdite is a hydrous ferric molybdate, 
lemon yellow to pay yellow in color, and occurs as an earthy powder, usually ns 
incrustations. Molybdite is an alteration product of molybdenite, probably formed 
by the interaction of raolybdic acid and limonite, the molybdic acid being an oxidation 
product of tlie molybdenite. 

Molybdite, therefore, is frequently found associated with molybdenite, especially 
where the latter mineral has had a chance to -weather. Molybdenum minerals arc 
found in notable quantities in several foreign countries. Molybdenite is found in 
Queensland, New South Wales, Norway, and Canada. Only since 1923 have com- 
mercial amounts of molybdenum been produced in the United States, and the world's 
supply came from Queensland, New South Wales, and Norway. Domestic produc- 
tion has increased from 500 tons in 1925 to over 17,000 tons in 1940; the latter being 
more than 90 per cent of total world production. 

Although Climax has consistently maintained its leading position, the recovery 
of molybdenum concentrates as a by-product of copper operations at Bingham, Utah, 
Chiro, New Mex., and Miami, Ariz., has become increasingly important and amounted 
to 30 per cent of domestic output in 1940. The recovery at Chiro is described in the 
Engineering & Mining Jourfialj Vol. 140 (September, 1939) as follows: The concen- 
trate from tlic cleaner cells carries about 30 per cent Cu and 0.5 per cent Mo. It is 
freed from reagents by steam, reconditioned, and the M 0 S 2 floated out. The tails 
carry 30 per cent Cu, 0,06 Mo. 

Extraction from the Ores. — ^As ferromolybdenum, which is the chief use foi 
moij'bdenum, can be made directly from molybdenite concentrates, it is not necessary 
to treat molybdenite chemically unless molybdic oxide or ammonium molybdate are 
required for chemical purposes. In the latter case, the molybdenite may be roasted 
to oxide, treated with ammonia, which dissolves the molybdic oxide as ammonium 
mohUdatc, filtered, and evaporated to dryness, or to crystallization of the ammonium 
molybdate. On ignition tlie ammonia is driven off and may be recovered for further 
use. 

Climax Conversion Practice. — Tlic present practice of the Climax Molybdenum is 
described by E. S. ^Vi^eele^ as follows:^ Tlie 12-hearth roasting furnaces at Langelotli 
have been arranged so that the reaction gases can be withdrawn from each hearth 
from the eighth up separateb^ while air can be admitted in any desired quantity on 

' Trch, Paper 1718, February* meeting, 1944. 
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each hcatth from the third to t!ie 8e\ cntli As a result, it is possible to keep the 
hearth temperatures down to about the subliming temperature of molybdenum oxide 
(1100*1 ) tilth great increase m furnace capacity, better recovery of the oxide, and 
greatly decreased furnace repairs About 30 per cent of the roasting furnace produc- 
tion 13 sold as "technical moly bdic oxide” carry mg 50 to 02 per cent Mo, 5 to 11 per 
cent insoluble, 0 5 to 1 0 per cent Fc and small amounts of sulphur, copper, hmc, and 
zinc 

Calcium molybdate ti as originally prepared at Langeloth by mixing roasted con- 
centrates tilth quicklime and water and heating to form a technical molybdate con- 
tammg about 40 per cent Mo It was later discotcrcd that if uncalcincd pulverized 
limestone of high purity was thoroughly mixed with the roasted concentrates, the 
product was suitable for direct addition m steel furnaces 

Molybdic oxide briquettes arc an important item m the Climax production Con- 
centrates of known molybdenum content arc thoroughly mixed with air-floatcd pitch 
and the mixture fed by gravity to hydraulic briquetting presses, which have a com- 
bined capacity of CO, 000 to 80,000 lb Mo per day '1 he nicrage briquette pressure is 

10.000 to 1 1,000 lb per sq m , but a pressure of 18,000 lb can be applied The bri- 
quettes arc 4 in in diameter and 4 to 41^ m long, and the mold liners are chromium 
plated on the inside to withstand abrasion flic liners require rcplatmg about each 

100.000 briquettes 

Molybdic oxide la prepared by heating technical oxide to about 1800 to lOOO’F 
Air 13 draw n m over the heated surface and sw ceps the MoOi into a metal flue Icadmg 
to a bag filter where the pure oxide is collected The tailings from this process are 
sent back to use as raw material in other processes 

Ferromolybdenum is still produced by the ITicrmit process A typical mix is 
1300 lb molybdenum ns oxide, 116 lb low-grade aluminum, 1122 lb fcrrosilicon 
(50 per cent grade), 018 lb iron ore (69 per cent grade), ICO lb hmc, and SO lb fluor 
spar The mixture is run into a bnck-lined steel shell and the reaction started by 
Igniting the charge w ith a mixture of aluminum and sodium peroxide The reaction 
requires about 20 mm , after which the slag is tipped off w ith the exception of a thia 
protcctii c lay er and the metal given 4 to 6 hr to solidify 

tv ulfenitc presents a more diflicult metallurgical problem than molybdenite Thw 
mineral nearly always carries small quantities of vansdinite, and the two cannot be 
separated mechanically Kissock first used a sodium carbonate fusion method in a 
small blast funiace The w ulfenitc, mixed with sodium carbonate and coke, was 
strongly heated, and the lead was obtained as metafile lead, while the molybdenum 
went into the slag in the form of sodium moly bdate This slag was used directly m 
the electric furnace for the making of ferromoly bdenum, but the excess of soditim 
carbonate had very decided and deleterious effects on the furnace linings HoUadsy 
prepares a sodium molybdate slag reasonably free from lead and other impunlies, 
then leaches the slag with water, and adds dilute calcium chloride solution m the cold 
This precipitates most of the impurities that are still present, while the molybdenum 
stays in solution On filtering and boiling and adding excess calcium chloride, the 
molybdenum is precipitated as calcium moly bdate, w inch can be us«l for the prepara- 
tion of moly bdic oxide or can be used directly in the making of molybdenum steel 
Conditions for the precipitation of calcium moly bdate has e been studied carefully by 
Bonardi * 

Concentration Methods — Moll bdemte can be concentrated readily by flotation 
methods An ore carrying less than I per cent can be concentrated to a product 
carrying 60 or even 70 per cent molybdenite Usually , mixtures of kerosene and pine 
oil are used, although other oils give satisfactory results on certam ores Wulfenite 

•CAem & Mtt , Sept 15 1919 
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can be concentrated by ordinary milling methods, using tables and siimers. The 
mineral crushes readily, but an ore carrying as little as 0.5 per cent M 0 O 3 as wulfenitc 
can be concentrated with a fair recovery. Vanadinite, which is frequently associated 
with it, cannot be separated to form very satisfactory products, as the specific gravities 
of the two minerals are almost the same. 

Metallic Molybdenum. — IVIetallic molybdenum may be prepared by reducing 
molybdic oxide with aluminum powder or by heating the trioxide or one of the 
chlorides in a current of hydrogen. It may also be prepared by heating a mixture 
of molybdenum trioxide with one-tenth of it? weight of sugar charcoal in an electric 
furnace in a carbon crucible. The pure metal is malleable and is not hard enough 
to scratch glass. It has a specific gravity of about 9 and can be forged when hot. 
It oxidizes readily at a dull red heat and is attacked by fused potassium chlorate, 
nitrate, etc. 

Ferromolybdenum. — Tlie raw materials for ferromolybdenum may be molyb- 
denite, molybdic oxide, a sodium-molybdate slag, or calcium molybdate. The 
reducing agent is usually carbon, although 90 per cent silicon material ground to 
GO mesh has been used. Lime and fluor spar are used as fluxes. The reaction that 
takes place with molybdenite is as follows: 

2 iVloS 2 + 2CaO + 3C = 2Mo + 2CaS + 2CO + CS 2 
Ilcduction with silicon metal gives the following reaction: 

M0S2 + Si = Mo + SiS2 

According to Keeney,^ for about 100 parts of molybdenite, 58 parts of lime are 
necessary for slagging the sulphur as calcium sulphide. The reaction works close 
to the theoretical, and there is no difficulty in making a product with about 0.1 per 
cent sulphur and 13^ to 3 per cent carbon. With sodium molybdate slag, the reaction 
is as follows: 

Na.MoO^ + 3C = Mo + SCO + ISTaaO 

The reduction of sodium molybdate requires considerably more power than the 
reduction of the sulphide or oxide. The average power consumption is 7 to 73^ 
kw,-hr. per lb. of molybdenum produced. The recovery varies from 78 to 80 per 
cent with a loss of 10 per cent in the slag and 10 per cent mechanically by volatili- 
zation. Ferromolybdenum containing 80 per cent molybdenum and under 1 per cent 
carbon caimot be regularly tapped from the electric furnace. 

Production of molybdenum alloys by the direct addition of calcium molybdate 
to the molten steel is rapidly replacing the use of ferromolybdenum. Other sim- 
ilar molybdate compounds or briquettes of mol^’^bdic oxide have also been used. 
These direct methods are more economical because one furnace operation is elim- 
inated and less molybdenum is lost in slags. The molybdenum compounds arc 
reduced to metal in the steel bath by the same reactions that arc used for production 
of ferromolybdenum. 

Uses of Molybdenum. — Molybdenum is used chiefly to make special alloy steels, 
usually in combination with other allojdng elements. In many cases, it is substituted 
for strategic metals, such as tungsten, nickel, and manganese, since ample supplies of 
molybdenum arc available in the United States. Alloy steels containing molyb- 
denum are finding increasing use in the aircraft, automotive, and railroad industries. 
The amount of molybdenum m such steels varies from 0.2 to 3 per cent, but rarely 
above 1.5 per cent. The newer developments include the addition of molybdenum 
to n 3 per cent chromium steel used for crankshafts, a nitriding steel containing 

* Bull August, 1918. p. 1334. 
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chronuuii), molybdenum, and nickel (but no aluminum), and a steel containing 
2 per cent chromium — 0 HO per cent molybdenum used for lining cylinders of aircraft 
engines Molybdenum steels are used by railroails in tires, car wheels, flues and 
cyiindera, also nsckcl-chrommm molybdenum steel for rods, pistons, axles, shafts, and 
puis Such steels arc largely used m oil-well tlrilling and oil-refimng equipment 
Molybdenum alloy steel for high-speed cutting tools and dies is receiving increased 
attention 

Molybdenum compounds arc used in the chemical and ceramic industries, but the 
consumption in these expanding fields is not large 

Analytical Methods for Molybdenum — The follon mg is a revision by Doerner 
of the method of Bonardi and Barrett of the U S Bureau of Mines Take a 0 2'>- to 
6 0-g sample of finely pulverized ore, add 16 cc llNOj, and heat until the brown 
fumes are gone Carefully add 10 cc IIC 1 and heat 20 ram , or until decomposition 
IS complct.- If much lead is present, as in v ulfcmte, take to fumes with 10 cc IlsSOt, 
coo!, dilute to (lO cc , and heat to dissolve soluble sulphates Cool and filter off the 
lead Add an excess of ammonia and 5 cc of magnesia mixture If much calcium is 
present, add 5 g of NaiC O, Boil 10 min and filter, washing well with hot water 
If the precipitate is large, dissolve it ui IICl and repeat the precipitation 

In rare cases itictly hdcnitc is not dussoU cd hy acids Fusion w ith a NajOj and 
NajCOi mixture la then necessary The melt is dissolved m water and filtered The 
filtrate IS saturated with II jS and barely acidified w ith HCl Heat to boiling, filter, 
and w ash w ith hot w atcr Dissolve the MoS, precipitate in 1 to 1 UNO,, and take to 
fumes with 10 cc of IIiSO, Cool, dilute, filter, and make alkaline with ammonia 
The solution should be about 250 cc m x olumc Make acid w ith IICl, using methyl 
orange as an indicator, and add 6 cc in exccas Add 5 to 10 g of aodium-ammonium 
acetate The addition of 8 drops of HNOi is recommended by Wciser * 

Titrate hot with lead acetate solution (about 18 g ol crj'Slalhzcd salt per liter) 
until a test drop gives no color with a drop of tannic acid solution For accurate 
work or to standardize the solution, add 2 cc excess of lead acetate, heat 20 tnui , and 
filter, washing well with 2 per cent NII,\Oi solution Ignite the precipitate and filter 
in a fire-clay annealing cup in a muffle at dull-rcd heat The weight of the PbMOi 
precipitate limes 0 2G15 = Mo 
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CHAPTER XXIII 


METALLURGY OF RADIUM AND URANIUM 

By H. a. DoernerI 

Occurrences. — As uranium is the mother of radium, the two elements are always 
found together as uranium minerals. Therefore the metallurgy of these related 
elements is unavoidably connected and must be treated in the same chapter. Uran. 
ium considered as a ferroalloy material, however, has been treated in the preceding 
chapter. 

Uraninite, better known as pitchblende, and carnotite are the most important 
radium ores. Pitchblende is uranium oxide (UO3, UO2) of indefinite composition 
containing variable amounts of Pb, Ca, Fe, Bi, Mn, Cu, Si, Al, rare earths and, of 
course, radium and other products of the atomic disintegration of uranium. Minerals 
apparently derived from pitchblende (alteration products) include: gummite (lij’^drous 
silico-uranatc of Pb, Ca, etc.), soddite (hydrous uranium silicate), curite (hydrous lead 
uranatn), becquerclitc and shoepite (uranium hydroxides), kasolite (hydrous uranium 
lead silicate), torberite (h3"drous uranium copper phosphate), autunite (hydrous 
uranium calcium phosphate), and carnotite, a potassium uranjd vanadate of a rather 
definite composition, approximating the formula K2O.2UO3.V2O6.3H2O. 

Historical. Atistna. — Radium was discovered in, and first produced commercially 
from, pitchblende found in the silver mines at St. Joachimstal, Austria. These 
ores have been mined since 1517 for silver and later for cobalt and bismuth. As a 
result of Madame Curie's discoverj^ and isolation of radium from these ores, the 
Austrian Government established a plant in 1898, which has continued production 
under the Czechoslovakian and German governments. 

The ore is in mica schist interbedded with limestone with post-mineralization 
intrusions of gneiss. The veins occur as stringers and pockets 6 to 36 in. wide, con- 
taining a number of metals such as Ag, Ni, Co, Bi, As, and U in a variety of minerals. 
Galenite, blende, pj’rite, marcasitc, and cuprite occur in minor quantities. Similar 
but less important deposits occur in Saxon3\ 

PorlugaL — Portvigal was the second nation to produce radium ores. Production 
has been small but consistent from autunite ores located between Guarda and Sabugal. 
The deposits are excellent^ described hy Segaud and Humer3\2 

CormcalL — Pitchblende also has been found in the tin-producing region of Corn- 
wall, England. It occurs in veins of silvcr-nickel-cobalt ores where thej*’ contact 
dolomite. The mines arc worked principally for bismuth, ocher, cobalt, and nickel. 
Pitchblende, being a valuable by-product, has been recovered consistently in relatively 
small quantities.® 

United States, — Small and intermittent production of pitchblende has come from 
mines near Central City, Gilpin County, Colorado. These originally were worked 
for gold. The rock containing pitchblende, galena, sphalerite, etc., is a fine-grained 
aplitic granite. Specimens of pitchblende also have been found in feldspar quarries 

* Enjiiuccr m charR«. U.S. Bureau of Minos Experiment Station, PuUman. Wash. 

* ScoAUD and Humeuy, Lcs Gisements d’uraniumdu Portugal, Ann. mines, Mimoires, Scr. Vol. 3, 
l>p. ni-ns, 1013 . 

* UFaiiEn, Bahrow, and McAluster, The Geology of the County around Boduiri and St. Aiistcl, 
.tfem. GcA. Surtry Knolond ond IVoIm, 1900. 
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tn Conntclicut and pcgmatvte veins in North CaroUna, South Carolina, Texas, and 
South Dakota 

But the first large scale production of radium w as derived from extensive camotitc 
deposits located in the and regions on both sides of the Colorado-Utah border fhese 
ores were discovered in 1881, but their nature was unknown until 1887 Previous to 
1910, considerable carnotite was exported to I uropo for treatment, andafew small local 
plants extracted uranium and a anadium but no radium, with onlj moderate success 

In the fall of 1912, representatives of the L S Bureau of Mines made a survey 
of the carnotite deposits and announced' that they constituted bj far the largest 
known source of r'ldiuni ore This bureau also made a studj of methods for rccoxer 
jng radium, a anadium and uranium from tlicee ores and operated a pilot plant to 
demonstrate the economic possibilities of a sclctlod proci'^s* 1 rom 1916 to 1923 
domestic production of radium from these deposits far exceeded the supply from all 
other sources 

Carnotite h a secondary mim nil eannrv j i How in lolor It occurs ns dissi nunatwl 
grams and mtrustationa in a light colored sandstone overlaid ui places lij shale an I 
conglomerate Ihc deposits arc erratnallj distribiitid in pockets and the cost of 
mining and development is therefore high I xeeptlonal claims hate produced 5CI0 
tons of shipping ore which averaged only 5 to 10 mg of radium per ton In contrast 
to pitchblende, a high grade tonccntrntc cannot bo obtained by ore-dressing processes 
Lack of water and otlier mdustrial facilities in the region m Avhich the deposits arv 
located made it uccessarj to ship the ore considerable distances to reduction plants 
The Bureau of Mines reported operating costs for its pilot plant in Denver as 837,599 
per gram of radium recovered The ore cost $96 33 per ton delivered Subsequent 
mining coats were often higher, and the nominal market price lor radium obtamed 
from carnotite was seldom less than $100,000 per gram 

Belffian Congo — Radium ores were discovered while prospecting fox copper in 
Ivatanga Belgian Congo on Jan 22 1913 Little was done with this discoAcry 
until 1921 when active research and development w as started The deposits are in 
veins of moderate tluckness and arc extrenielj irregular Primary pitchblende 
found in the central part of the ore bodies is surrounded by alteration products 
chiefly torbernite, cunte, and kasohtc Hie ore is of such exceptional grade that it is 
feasible to ship it to Belgium for treatment 

A treatment plant w as established at Oolen in the Antw erp Campme, b3 Union 
Minidre and began operations m July, 1922 Because of the high radium content 
of the ores (100 to 150 mg per ton) sufTieient radium to supply all demands was pro- 
duced at such a low cost that it soon dommated the market The price, first fixed 
at $70 000 per gram, was reduced to $50,000 in 1930 

Canada — Another rich deposit of pitchblende, discovered m 1930 on the shore 
of Great Bear Lake N R Terntories Canada has been developed into an important 
source of radium* by Fldorado Gold Mmes Ltd The ore is complex and of two gen 

iMoon* and Kitsil, A Jrelm nary Report on Uranium Radium and Vanadum US Burtau 
Mints BuS 70 1913 

» Paii«0N8 Moobi; Liao and Scsakper, Exttactwn and Ueeoveiy of Rad um, Ucan um and V»na 
dium from Carnot te US Bur Mines Bull 104 1916 

'PocBOW Radium from the Canadian Arct c Ena Mtntna Jour \ol 138 PP StMl "September 
1937 

ParVIxb Radium from the Arctic Enj Mining Jour AoU 139 pp 31 35 April 1938 

SurrH Mifling Pitohblende-a iTer Orea at Eldorado Plant Eng Min Jovr Aol 193 pP 3o-38 

Aprd ms 

PocHOs Radium Recovery Canada a Unique Chem cal Induatry Chem Met Eng Vol « 
pp 362 36S July 1937 

The Staff Eldorado Operation Can Afm Met Bull Fcbrusrj 1938 Rad um Recovery at Port 
Hope Co« Ch*m Mtt June 1937 p 211 
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cral types, one having a highly siliceous gangue, and the other dolomitic. The latter 
is chiefly remarkable for its high silver content, which runs 300 to 360 oz. per ton. 
Crude ore is concentrated by jigs, tables, and flotation machines at the mine, and the 
concentrates are shipped to a plant at Port Hope, Ontario (4000 miles from the mine), 
where radium, uranium, and silver are extracted. 

The large output of radium from this new source affected the market so that 
radium sold at §20,000 per gram in 1937. In 1939, a marketing agreement with 
Union Mini^e stabilized the price at §27,500. The total production of radium from 
all sources probably has exceeded 1 kg. Low-grade pitchblende ores have been found 
in pegmatite veins of Quebec and Ontario, but these have not been exploited.^ 

Australia , — Uranium ores are found in South Australia. ^ The Radium Hill Co., 
with works at Sydney, has treated autunite from this source. 

Other Sources. — ^Little information is available concerning uranium ores in 
Madagascar, South Africa, and Russia, but there has been minor production from 
these sources, mostly from Madagascar. 

The Nature of Radium. — Radium is the most important of a series of products 
resulting from the atomic disintegration of uranium. Such changes reach an equi- 
librium during geologic periods of time by which a maximum ratio of 1 part of radium 
to nearly 3 million parts of uranium is established. This equilibrium has been 
attained in most uranium minerals. For example, 130 mg, of radium is usually 
found in a ton of pitchblende ore containing 50 per cent UgOg. 

Radium is the heaviest of the alkaline-earth group of elements, and it is so similar 
to barium in its chemical and physical properties that the two elements can be sepa- 
rated from each other only by virtue of the difference in solubility of their salts. 

The amount of radium in an ore is so small that it is not possible to make a direct 
separation of a substantially pure radium compound. The radium must be col- 
lected” with a barium salt, and 400,000 to 1,000,000 parts of barium to 1 of radium 
is required for that purpose. In all methods used to recover radium from an ore, 
radium and barium are brought into solution as chloride salts and then precipitated 
as sulphates by adding sulphuric acid (or sodium sulphate) to a slightly acid solution 
of radium and barium chlorides. Usually the volume of solution is so large that 
even the slight solubility of radium sulphate is not exceeded. Nevertheless, the 
radium always is precipitated more completely than the barium.^ 

This remarkable phenomenon has evoked much speculation, and for lack of a 
rational explanation it was referred to by Dr. S. C. Lind as pseudoisotopy. It was 
generally believed that adsorption played a major part in this phenomenon. How- 
ever, an extensive quantitative study revealed that the behavior follows the general 
laws of mass action in a range of dilution that was noted for the first time in this case 
only because the radioactive properties made quantitative measurements possible. 
This investigation demonstrated that the coprecipitation of radium with barium 
sulphate was not due to adsorption but was the result of the replacement of barium 
by radium in the ciy’stal lattice of the barium sulphate.-* 

This same phenomenon occurs when soluble salts of radium and barium, such as 
the chloride or bromide, are crystallized from a solution. In every case the crystal 
fraction will have a higher ratio of radium to barium than has the mother liquor, no 
matter how low the concentration of radium may be. The enrichment factor may 

» Spekceh and CAnNOCiiAN, The Wilbcrforcc Radium Occurrence, Can, Min. Mti. Bull., 1930. 

» Brown. Occurrence of Uranium Ores and Other Rare MinertUs Near Mt. Panitcr, South Australia, 
South Auiiralia Mints Dcpartmtnl, 1911. 

•I.1ND. Underwood and Wiuttmore, The Solubility of Pure Radium Sulphate, .Tour. Am. Chem 
Sot,, Yol. 40, pp. 405-472, March, 1918. 

« Boerner and Hoskins, Uoprccipitation of Radium and Barium Sulphates, Jour. Am. Chem. Soc 
Vol. 47. May, 1925. 
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be expressed bj a constant that lepresenta an tquilibnnm between the ratjo of radium 
to barium in the solution and the ratio of radium to banuin on the surface of the 
solid phase 

Ha (m solution) ^ „ Ha (solid phase) 

Ba (in solution) Ba (solid phase) 

This equation is merely a statement of the law of mass action m which K is the 
ratio of the solution pressures of radium and barium on the surface of a mixed crjstal 
Smee fiC 13 greater than unity (it = 1 8 for the sulphate), the radium is more concen- 
trated in the salt than in the solution The important pomt, not generally realized, 
IS that K 18 independent of the solubility of either salt alone, and the equation applies 
even at ratios of one to a million 

By the application of this Im , radium is first separated from other ore constituents 
and collected with barium, and then b> a senes of fractional cryst&lhiations, it m 
separated from the barium \ net recoi cry of over 90 per cent of the radium from 
an ore containing only 5 mg radium per ton is not unusual The recoi cry and 
isolation of radium from an ore by any other means would be enormously mere 
difficult, if not impossible 

Treatment of Pitchblende — Methods in general use for treating pitchblende ore 
follow the general pattern of the process devised by Dcbiernc and Curie for the 
Austrian ores Puli erized ore n as fused w itli sodium sulphate to convert the uranium 
into sodium uranate The fused product was leached with water to tcmoie soluble 
salts and then treated with dilute sulphuric acid to extract uranium sulphate An 
excess of sodium carbonate was added to the hot solution to precipitate iron and other 
impurities which were removed by filtration The filtrate containing soluble uianyl 
carbonate was acidified and boiled to remove COj Then sodium uranate was 
precipitated bj caustic soda 

Radium and barium sulphates remamed m the residue from the acid leach, which 
consisted largelj of silica lead sulphate etc This residue was boded mth a solution 
of soda ash which converted a large part of the radium and barium sulphates into 
,,arbonates The insoluble product was thorough I j washed to remove sodium siil 
phate and then treated with dilute hjdrochloric acid to extract soluble radium and 
barium chlorides Tbe process of boding with sodium carbonate and leaching was 
repeated seieral times to obtain a high extraction of the radium Fmal residues from 
this treatment are chiefly sdica contaming insufficient radium to justif} further 
extractions A concentrate of radmm-banum sulphate was precipitated from the 
combined acid extracts by the addition of small amounts of banum chloride and 
sodium sulphate The solution, separated from the precipitate by settling, decanta- 
tion, and filtration, was discarded 

The Fadmes caae^tceita was again coni erfed to a chfonde solaftatt bj repealed 
treatment with sodium carbonate, washing and leaching with hydrochloric acid 
This final solution contamed about one part of radium to one imlhon of banum By 
a long senes of fractional crystallizations most of the radmm was separated from the 
banum 

In a later modification of the process, the ore is roasted with sodium carbonate 
and sodium nitrate This converts the radium to a carbonate, and after thoroui^ 
washing to remove soluble salts (particularly sulphates which would precipitate 
radium) the calcme is treated with hydrochloric acid to extract radium chlonde 

Canadian ores contained so much lead, sih er, and sulphides of iron, copper, etc , 
that other modifications of the Curie process have been necessary » ShU concen- 

‘PocaoN Raittin Recovery at Port Hope CAem d Met Eng Val44 1937 
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trates, crushed to in., are roasted at 1100°F. The calcine is mixed with 5 to 10 
per cent of common salt and again roasted in a hand-rabbled furnace at a low tempera- 
ture to avoid loss of silver chloride by volatilization. It is then leached with dilute 
sulphuric acid (with additions of NaNOs, BaCl?, and HCl) to extract uranium, iron, 
copper, etc. Sodium uranate is recovered as previousl}^ described and is purified to 
meet market requirements. 

Residues from the acid leach are first treated with a hyposulphite solution to 
extract silver, which is recovered by precipitation with sodium sulphide. Lead is 
then extracted with boiling caustic (brine seems preferable). Extraction and recovery 
of radium follows the Curie method except that autoclaves are used for the soda 
treatment. This accomplishes more rapid carbonation than boiling at normal 
pressure. 

Details of the treatment of Belgian ores hav^e not been published. It has been 
stated that they are leached directly with sulphuric acid. Extraction and recover^' 
of radium is carried out substantially as described above. 

Treatment of Camotite. — Carnotite is a yellow earthy mineral, occurring as a 
crystalline powder dispersed in sandstone. It is much softer than the sand grains 
to which it is more or less firmly cemented. The ore is easily crushed to the size 
of the sand grains (about 20 mesh), and the valuable minerals can be concentrated by 
attrition in impact mills followed by hydraulic or air classification. The slime or dust 
concentrate contains 50 to 80 per cent of the radium with a concentration ratio of 
3:1 or 4:1. Subsequent recovery of radium from such a concentrate is even morf 
difficult than from the original ore, and other methods of concentration are still less 
effective. Therefore concentration is limited, in general, to low-grade ores that can- 
not otherwise justify the cost of transportation. 

The mineral carnotite, which contains vanadium as well as uranium, is commonly’' 
associated with roscoelite, a vanadium silicate. These two minerals occur in various 
proportions, and there is no sharp distinction between the carnotite and roscoelite 
ores, lliese ores were treated for vanadium (and uranium) before their value as a 
source of radium was recognized. Later vanadium was considered a by-product 
from the relatively more important production of radium. After several years of 
neglect, they are being treated again for vanadium and uranium, with a limited 
production of radium as a by-product that scarcely yields a profit at current prices. 

There arc two general methods by which radium is obtained from carnotite ores: 
(1) Direct dissolution of the radium from the ore by an acid, with or without a pre- 
liminary treatment to improve the extraction. (2) Concentration in a slime: A 
sulphating treatment, either digestion with hot sulphuric acid or fusion with sodium 
sulphate or bisulphatc, is followed by leaching and washing to remove a solution 
carrying suspended slime from the barren sand. The solution, which contains soluble 
sulphates of uranium, vanadium, iron, and aluminum, is then separated from the 
suspended solids by sedimentation and filtration. The siliceous slime contains 
radium and barium sulphates which may be concentrated further by caustic fusion 
and leaching to extract silica. In any case, the radium is converted to a carbonate 
and extracted with hydrochloric acid. 

Nitric Acid Process. — This process was originated by the U. S. Bureau of Mines 
and thoroughly demonstrated during the production of over 7 g. of radium in the 
plant of the National Radium Institute. Even though this process was not subse- 
quently used, it led to the development of similar processes having many of tlic 
same features. For this reason and because complete data are available, this process 
is described in detail. 

A 320-lb. charge of pulverized ore is slowly added to 320 lb. of 38 per cent hot 
nitric acid in stoneware pots. It is heated nith live steam and stirred 15 min., then 
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run to stoneware vacuum fillers having asbestos filter cloth The residue is given one 
wash with weak acid and two w ith hot distilled w ater 

The large amount oJ acid la necessary to react with the acid-soluhle ore con 
BtituenU such as the compounds of iron, uranium, vanadium, aluminum, and calcium 
and leave a sufficient e:)CCC83 to hold the radium and barium m aolulion Only ore» 
containing relatively small amounts of sulpliatcs, organic matter, and lanadiom 
give satisfactory results when treated by this method Sulpliatcs reduce the extrac- 
tion of radium by precipitatmg the slightlj soluble radium sulphate Organic matter 
causes excessive frothing, consumes acid, and sloii a up filtration If the ore is rich 
m vanadium, a slimy precipitate of yanadic acid clogs the filter Slow filtration allows 
the charge to cool which causes precipitation of vanous salts, including radium 
Concentrates are cspeciallj difficult to treat because thej contain a high proportion of 
soluble constituents and the slimy charge filters n ith great difficulty 

On suitable ores however, the nitric acid leach extracts over 00 per cent of the 
radium, which is considerablj better than is usuall} obtamed bj other direct Icacbmg 
methods The residue from the acid treatment may contain considerable vanadium, 
most of which can be readily extracted by nn alkaline leach and reco\ cred 

Precipitation of Radium — The acid Bolution (filtrate) is run into a large redwood 
precipitating tank, w here it is diluted with w ater and neutralized n ith a solution of 
caustic soda If too much alkali is addetl, iron and i anadmm precipitate and con 
tammate the radium product obtained later On the other hand, insufficient alkah 
leaves the acidity too high, aad the solvent action of the acid prevents complete 
precipitation of the radium \ solution of barium chloride is next added (about 2 lb 
BaClt to 1 ton of ore) sufficient to make the ratio of banum to radium about 1 nul 
bon 1 After mixmg the solution, sulphuric acid (about 15 lb to 1 ton of ore) is 
slowly added with contmued stirring After Btirring an hour the whole solution, 
containing radium banum sulphate m suspension, is pumped to a settlmg tank having 
a conical bottom The sulphates are allow cd to settle 4 days, and then, after siphon 
mg off most of the clear solution, they are run to a small earthenw are filter and washed 
Separation of Radium from Banum — The radium banum sulphate thus obtained 
la of an excellent purity, often as high as 90 per cent It is converted to an acid- 
soluble sulphide b} reduction with charcoal A mixture of the sulphate with one- 
fifth its weight of charcoal is heated S hr in a graphite crucible at about S00“C The 
calcine is leached with pure dilute hj drocblonc acid, care bemg necessary to remove 
the dangerous gas, hydrogen sulphide, which is generated Most of the radium and 
barium are obtamed in the solution as chlorides and the radium is concentrated by 
crj'stalhzation, as previously described The small residue filtered off from the 
chloride solution is given a second reduction and leach to extract the residual radium 
This procedure replaced the slow and more costlj method bj which the sulphates 

Precipitation of Iron, Calcium, and Alummum — The solution from which the 
radium was first precipitated is nm into a tank eontammg nn excess of sodium car 
bonate in a boilmg solution Iron, calcium, and alummum are precipitated, also some 
of the ■vanadium. In. order to prevent an excessive loss of vanadium and uranium 
m the precipitate, it is necessary to have a considerable excess of sodium carbonate 
in the solution at all times the liquor must be added slowlj , and the mixture roust be 
kept boilmg hot and agitated durmg and for several hours after the addition About 
650 Ib of soda ash to 1 ton of ore is requu-ed, and it takes about 6 hr to complete the 
operation The non precipitate is filtered off and discarded Although it contams 
about one-fourth of the vanadium present in the acid solution, re-treatment of this 
residue to recover the vanadium is not profitable 
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Precipitation of Uranium. — The filtrate from the iron precipitate, containing 
uranium and vanadium, is run to another tank where it is partly neutralized with 
nitric acid. After stirring with air, sodium hj^droxide is added to the hot liquor 
until uranium is completely precipitated as sodium uranate. The solution is boiled 
for 1 hr. and then filtered through a press. The uranium precipitate is washed in the 
press, then removed and dried. It contains about 8 per cent vanadium oxide and 
must be refined to make a marketable product. About 85 per cent of the uranium 
is recovered. 

Precipitation of Vanadium. — The filtrate from the sodium uranate is run to 
another tank, neutralized with nitric acid, and boiled to remove carbon dioxide. A 
solution of ferrous sulphate is then slowly run into the hot liquor, which is agitated 
with compressed air. The vanadium precipitates as ferrous vanadate. It requires 
considerable care and experience to obtain a complete recovery of the vanadium and 
at the same time produce a product of acceptable grade, t.e., over 32 per cent vanadium 
oxide. The precipitate is filtered off in a press, washed, and dried. The vanadium 
recovered, including that obtained from the sodium uranate, averages only 30 per cent 
of that in the ore. 

The filtrate from the ferrous vanadate is almost whoUy a solution of sodium nitrate. 
It is evaporated in iron tanks heated by steam. Air is blown into the solution to aid 
evaporation. Wlicn sufficiently concentrated, the liquor is run into shallow steel 
pans where sodium nitrate crystals form. These are collected and used to make 
nitric acid for the leaching operation. As the losses of nitrate are small, the acid 
cost is less than that of an equivalent amount of hydrochloric acid. 

Although the nitric acid process recovered the radium effectively, recovery of 
vanadium was poor. The relative values of radium and vanadium made a high 
iccovery of radium the chief consideration, but it soon became apparent that^the 
recovery of vanadium is equally important. This led to the use of other methods and 
also to improvements in the nitric acid process.^ 

Preliminary Roast. — Carbonaceous material found in nearly all carnotite ores 
causes frothing and excessive consumption of acid when leached with hot nitric acid, 
and many highly carbonaceous ores are not amenable to direct acid treatment. A 
preliminar 5 ’* roast at 700°C. with excess air removes the carbonaceous matter and 
converts the iron to a less soluble condition. After roasting, less iron and more of 
the radium is extracted with less acid and the pulp is much more easily filtered. This 
is very important when treating dust concentrates. 

Alkaline Leach. — Carnotite ores were first treated to extract uranium and 
vanadium by boiling with a solution of sodium carbonate, and no effort was made to 
recover radium.- 

This step not only extracts vanadium and uranium, but it converts acid-soluble 
sulphates (such as gypsum) to carbonates and water-soluble sulphates, which are 
separated from the residues with the vanadium and uranium. This prevents repre- 
cipitation of radium when the latter is subsequently extracted with acid.^ jMoreover, 
after calcination and an alkaline leach, dilute nitric acid at 50°C. gives a better extrac- 
tion than can be obtained from the crude ore with boiling hot strong acid. 

Improved Nitric Acid Process. — The crushed ore is first roasted at 700°C. It is 
then fed into a rod or pebble mill with water and one-fourth its weight of soda ash. 

> DoEnNBH, Notes on the Extraction and Recovery of Radium, Vanadium and Uranium from 
Carnotite, U.iS. Bur, Mines Rejiis. Inxcstigatxons 2873, 1928. 

• Ha>mcs-Enclc. U. S. patent 80SS39. 

* One firm used an autoclave for the alkaline treatment (W. F. Blecker, U, S. patent 1438357). If 
caustic soda h ndiicd \nth the Boda ash, then vanadium is extracted and sodium uranate remains in tlie 
rcHuluc to be extracted wth the radium by the acid treatment. 
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After thorough disintegration and digestion in the hot solution, the pulp is filtered and 
washed with hot sulphate free water Ihe filtrate is used subsequentlj to neutrahze 
the acid solution, eo this alkaline leach does not in.\ oU e anj extra cost for chemicals 

Recovery of Radium — Dilute nitric acid (1 part to 4) at 50®C may be used to 
extract the radium and also anj uranium and vanadium not extracted by the previous 
step A digestion period of several hours is required, and the addition of a little 
sodium fluoride improves the solvent action Filtration and w ashing arc easy and 
rapid Radium barium sulphate is precipitated and recoA ered from the combmed 
alkalme and acid solutions by the usual methods 

Recovery of TJramum and Vanadium — After filtcrmg off the radium barium sul 
phates, the filtrate is made slightly alkaline and heated to precipitate vanadium and 
uranium Addition of only n little ferrous sulphate is required to complete the 
precipitation After stirring for an hour or more the precipitate is filtered but not 
washed Sodium nitrate is recovered from the filtrate 

The uranium vanadium precipitate is dried and then fuied with two parts by 
weight, of sodium sulphate containing a small proportion of nitrate or caustic The 
vanadium is leached from the crushed slag with hot water and then precipitated as 
high grade vanadic acid by boiling the acidified solution 

Uranium is dissolved from the residue of the vanadium extraction with warm 
dilute sulphuric acid Iron and other impurities are then precipitated with sodium 
carbonate and removed by filtration After neutralizmg the filtrate with sulphuric 
acid and boiling off COj, sodium urnnate is precipitated With caustic soda, filtered off, 
and washed 

Hydrochlonc Acid Leach — Hydrochloric acid is even less effective than nitnc 
acid for extractmg radium from ores containmg sulphates, but it is much better for 
extracting the vanadium This acid is quite satisfactory for the treatment of selected 
ores and has been widely used m processes that follow the general procedure described 
for nitric acid except that the sodium salts are not recovered and treated to regenerate 
the acid It also has been used to treat Cornish pitchblende and Portuguese autunite, 
but it is not applicable to most pitchblendes 

Sulphuric Acid Leach — Hot concentrated sulphuric acid wnll extract radium from 
an ore or concentrate, and radium sulphate is precipitated from the acid solution by 
dilution with water Attempts to use this method have faded on account of the high 
cost for acid and the difficulties encountered m the handlmg and filtration of hot 
concentrated acid 

SUming Methods — A swlphatmg treatment followed by a mechanical separation 
of the shme from the sand has been used to obtain a low-grade radium concentrate 
The basic constituents of the ore are first coav erted to sulphate bj one of the follow 
ing treatments 

1 Fusing w ith sodium acid sulphate 

2 Baking with concentrated sulphuric acid 

3 Digesting with dilute sulphuric acid (sometimes IICl is also used) 

4 Aerating a suspension of the ore in hot water with a mixture of sulphur dioxide 
and air 

The hot Bulphated product of 1 or 2 is dumped mto a tank of water and agitated 
to dissolve the soluble salts In all cases a barren sand residue is separated by 
hydrauhe classification This is usually done by decantation using a siphon to draw 
off the slime from the quickly settling sand The latter is washed clean by several 
decantations with water ^Vfter the decanted slime has settled for several days m 
large tanks, most of the clear solution is siphoned off and the rest is separated by 
filtration 
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Three products arc thus obtained: a barren-sand reject, a slime concentrate con- 
taining at least 90 per cent of the radium, and an acid solution from which vanadium 
and uranium are recovered by the methods previousl}^ described. 

Several treatments with a hot solution of sodium carbonate, each followed by 
thorough washing and an acid leach, are required to extract radium from the siliceous 
slime. This treatment is often preceded by a fusion with caustic soda and a leach 
to remove most of the silica as a water-soluble silicate. A high-grade radium-barium 
sulphate is precipitated from the acid extract and treated for the recovery of radium 
by the standard methods previously described. 

Refining Radium. — When half the salt is crystallized from an acidified solution 
of radium and barium chlorides, approximately 80 per cent of the radium will be 
concentrated in the crystallized fraction. Hence the concentrations of radium in the 
crystals and mother liquor will be, respectively, 1.6 and 0.4 times the concentration 
of the original solution. If the process is repeated with both fractions, four products 
arc obtained having concentrations of 0.16, 0.64, 0.64, and 2.56 with respect to the 
original solution. Now, combining the two middle fractions (crystals from the first 
mother liquor and liquor from the first crystals), the next fractionation yields six 
products with the following relative concentrations: 0.064, 0.256, 0.256, 1.02, 1.02, 
4.10. 

By thus combining fractions of equal concentration and adding fresh liquor to 
fractions approximating its own concentrations (in this case the 1.02 fractions) this 
process can be extended indefinitely to yield any degree of concentration required. 
The next step will yield end products having the relative concentrations of 0.027 on 
the minus, or liquor, side and 6.56 on the plus, or crystal, side. 

Since the quantity of material treated decreases rapidly in both directions, it is 
convenient to establish several separate series in which each system is supplied from 
the end cr^^stals of the preceding series. Each series will have 8 to 12 steps. 

A solution of radium and barium chlorides having a ratio of 1 to 3 parts of radium 
to a million of barium is finally obtained by all methods of recovering radium. The 
first crystallizing series is carried out in steam-jacketed vessels of 30 to 100 gal. 
capacity, usually eight or nine in number. These vessels must have an acid-proof 
lining because the solutions contain free acid. 

The largest, or zero, pot at the center of the series is filled with fresh solution 
and evaporated until a cool draft of air will cause crystals to form on the surface. 
Cold water is then passed through the steam jacket, and about half the salt will 
crystallize overnight. The mother liquor is siphoned into a smaller — 1 pot, and the 
crystals are transferred to a +1 pot in the opposite direction. 

The cr>*sials are dissolved in dilute acid, and a half fraction is recrystallized. At 
the same time, another crop of crystals is obtained in the —1 pot. Mother liquor 
from the —1 pot is siphoned to a —2 pot for another fractionation, and the crystals, 
transferred to the 0 pot, are combined with liquor from the +1 pot and fresh solution. 
In this manner the crystals progress in a direction and the mother liquors in the 
opposite direction, four steps each way in a continuous cycle of operations. 

Mother liquor from the —4 pot carries only 25 to 30 parts of radium to one billion 
parts of barium. It contains most of the barium and only 1 or 2 per cent of the radium 
that enters the system. Part of this liquor is used to supply barium salt to the plant 
solutions, and the rest is discarded. 

Crystals from the -|“4 pot will carr}* most of the radium at a concentration nearly’' 
seven times that of the original solution. They arc treated in a second series of 
fractional crystallization carried out in porcelain dishes heated over gas burners, and 
the procedure is similar to the first series but can be carried out much faster in the 
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smaller containers Mother liquor from tho minus end of this senes is returned to the 
first senes 

Removal ot Lead — The chloride cr> stala on the plus side of the second senes are 
dissolved in water without acid, and placed m a largo glaas precipitating jar IG or 
18 in high Make ammoniaoal and pass m hj drogen sulphide until the precipitation 
of lead as lead sulphide is complete Ihis sulphide is filtered and collected and mav 
be analyied for its tadiutn content It should be stored for recovery of the radium 
by fusion with sodium carbonate Attempts to precipitate the lead as sulphide even 
from shghtly acid solution usually result in obtaining a brick rwl precipitate of the 
formula (PbS), PbClj which is far more soluble in acid than lead sulphide hence com 
plete precipitation of the lead is possible only in ammoniacal solution If the solution 
IS made alialme with ammonia before passing in the hydrogen sulphide only a small 
amount of radium is precipitated with the lead, usually not more than 0 2 per cent 

Conversion to Bromide — Into the filtrate from the lead precipitate, powdered 
ammonium carbonate is introduced gradually with vigorous stirring until all the 
barium has been precipitated ns carbonate After standing overnight for the sctllmg 
of the banura carbonate and the thorough precipitation of the radium carbonate the 
supernatant solution is siphoned off as far as possible and the rest is thrown on a 
Buchner funnel where it is filtered and washed several times with distilled water 
The filtrate which carries only small traces of radium, is stored and may be returned 
to the plant at some conv enicnt point before the precipitation of the radium The 
amount of radium m the liquor la surprismgly low , usually 0 001 to 0 003 mg per 1 
The barium radium carbonate is remov ed from the Btichner funnel and is dissolved 
in chemically pure by drobromic acid of 20 to 35 per cent strength m a large glass 
precipitating jar 

Fractional cry stallization is now contmued m silica vessels in fairly strong hvdro- 
bromic acid solution m which the separation factor is considerably higher than m the 
chloride system Concentration therefore takes place more rapidly, but greater 
care m handling the v esseh is of course necessary on account of the higher radii m 
concentration Heating may be carried on on tripods with bare gas flames until the 
richer fractions are reached when the evaporation is earned out on an electncally 
heated w atcr bath in which only distilled w ater is used In case of an accidental loss 
of radium solution into the bath all the w atcr can be draw n off and returned into the 
system just before the treatment with hydrogen sulphide 

The evaporation required to obtain a suitable batch ot cry stals may be generally 
regulated by concentrating the solution until vigorous fanning just begins to cause 
the formation of crystals on the surface of the hot solution Of course the higher the 
acid concentration the more generous the crystal batch will be and it is usually 
convenient to hav e the acid concentration such that about half of the barium in solu 
tion wdl crjatalUie out Owing to the high factor of enrichment as bromide the 
radium content of the mother liquor from the mmus two ’ bromide v e'sel is extremely 
low In general the amount of radium returned to the plant in this bromide mother 
liquor is only about 0 2 per cent of the total amount going through the system. If 
such, a result is actually obtained, it la more convenient and economical to use the 
bromide mother liquor for the recovery of hy drobromic acid than to return the mother 
liquor to the plant to recover its small radium content 

Humber of Frachons Employed — The number of fractions employed m the plus 
direction in the bromide sy stem v anes with conditions, 10 to 12 being the usual num 
ber The crystalbzation is conducted in such a w ay that the radium bromide collected 
in the final fraction should not fall below 1 per cent of banum bromide, and sometimes 
IS as high as 3 or 4 per cent The total weight of the fraction should be 1 to 2 g 
fraction, after thorough drying m a hot-air oven, is sealed in a glass tube and kep”®*’ 
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final purification, when a sufficient number of tubes have been accumulated. The 
amount of radium in the tube can be easily determined by means of the gamma-ray 
method, to be described later. After 20 or 30 tubes have accumulated, the}^ are 
opened and the contents dissolved in hydrobromic acid in a small silica dish. 

If there is any considerable difference in the activity of the salt in the different 
tubes, it is wiser to put those together which have approximately the same activity’’ 
for the initial solution, and to put those of higher activity in a +1, +2, or -fS dish, 
depending on the amount of radium present. Crystallization is then continued with 
a general tendency to push up the radium from the lower fractions into the last silica 
dish in which the majority of the radium is finally accumulated. After thorough 
drying in a hot-air oven to free the salt from moisture and from water of crystalliza- 
tion, it is placed in a glass tube and hermetically sealed. In this tube a small platinum 
wire is sealed through one end in order to conduct away the unipolar charge that may 
collect in the interior, attaining voltages that could cause destructive sparking. 
Reports are on record of serious radium losses having resulted through neglect of this 
precaution. 

RADIUM MEASUREMENTS 

Measuring Instruments. — The methods used for determining the amount of 
radium either in an ore or in a product such as a concentrate containing radium 
depend entirely upon the fact that radium and other radioactive substances ionize 
gases. Such ionization is due to the alpha, beta, and gamma rays which are emitted 
by radioactive substances. The methods are, therefore, entirely physical in character 
and involve any means of recognizing qualitatively or quantitatively the ioniza- 
tion in air or other gases produced by the alpha, beta, and gamma rays. Two instru- 
ments are usually employed for such a purpose, viz., an electrometer or an electroscope. 

The first instrument is adapted for use in chemical and physical laboratories, and 
is especially useful where a large number of readings are desired on a radioactive 
material in a short space of time. For example, where a decay curve is required and 
the points on the curve involve short intervals of time, an electrometer is very useful, 
as the length of time for making a reading on even a not very sensitive product is 
short, owing to the sensitiveness of the instrument that may be used. For ordinary 
practical purposes, however, an electroscope is much more satisfactorj*-, and the use of 
the electroscope only will be described in detail in this article. A suitable instrument 
usually consists of two compartments, one above containing a suspended gold or 
aluminum leaf, in front of which is attached a reading microscope, and one below in 
which the ore, radioactive solid or radioactive gas, to be tested is placed. 

If the material is a solid, there is a suitable door to the lower compartment which 
can be opened or closed for the introduction of the material. If radioactive gas is to 
be tested, the lower compartment is airtight and has two stopcocks, one for exhausting 
the chamber, and the other for the introduction of the gas after partial or complete 
exhaustion. Usually the leaf is electrically charged by a piece of vulcanite rubbed 
on the sleeve of a coat, or by a battery of small dry cells, or any other suitable means of 
getting a sufficiently high voltage; the charge causes the leaf to rise. Then the natural 
leak of electricity from the leaf is noted on the scale, using a stop watch to determine 
the time the leaf drops between two different points, and calculated as a certain num- 
ber of divisions per minute. 

Approximate Method for Solids. — If an approximate determination of the activity 
of a solid such as an ore is desired, the material is placed in the compartment below and 
the leak of the leaf noted as before. If the ore contains uranium-radium, or any other 
radioactive element, the rate at which the leaf falls will always be faster than the 
natural leak of the instrument itself, owing to the ionization of the air in the chamber 



648 


mSFERROUS MFTALLURGY 


by the rays given off from the radioactive material There are a number of pre- 
cautiona however, to be taken in making such mea'?urements (1) The lUummation 
during the taking of the readings should be constant, and therefore it is better to have 
the electroscope m a room artificially illuminated rather than to use ordinar> daj light 
which will vary from time to time (2) Readings should always be taken betneen 
the same points on the scale (3) In comparing tw o ores, their physical conditions 
should be as nearly as possible the same Ihis may be roughly assured by passing 
them through the same mesh sieve, preferably 40 or GO mesh Of course, eveiy 
particle of the ore must be ground until it finally passes this sieve The same weight 
should be taken, and the same surface should be exposed m the electroscope 

In order to get these conditions convenientlj , it is advrsablc to use a brass plate 
about H ni thick of a size to fit mto the bottom compartment of the electroscope, 
and in this should be cut by means of a lathe, a circular depression m deep and 
about 3 in in diameter TLis can be done by any brass w orker The bottom and 
the sides of the depression should be perfectly smooth Ihe ore to be tested is poured 
into the depression the plate tapped gently so as to settle the ore, and then, by passing 
the edge of a flat piece of metftl across the surface of the plate, the extra ore is wiped 
off and the depression left exactly filled with ore, haanng a flat surface In this 
manner a fairly uniform weight of material is obtained for comparison, and the surface 
exposed m the electroscope is approximately constant Of course, the density of the 

ores tested vanes, but the method gn es approximate results The plate w ith the ore 

19 introduced mto the bottom compartment of the electroscope and a reading taken 
The ore is removed and replaced by a sample of carnotite of Known uranium content 
which serves as a standard This sample of course, is passed through the same me«h 
sieve as the sample bemg tested The relative radioactivities, i e , the rates at which 
the leaf falls are roughly proportional to the amount of radioactn e elements present 
With an ore, the total activity will be due to the uranium, radium, and other 
disintegration products of the senes W ith a concentrate, such as radium banum 
sulphate the activity will he due to radium alone Too much emphasis cannot be 
placed upon the tact that this method can be used only to compare similar radioaetne 
products and results are only approximate For example, a carnotite ore must be 
checked against an analyzed carnotite ore pitchblende against an analyzed pitch 
blende ore and a concentrate against a similar type concentrate As has already 
been pointed out, the physical condition of the material affects the results xeiy 
markedly 

The following example will show how to make a calculation 
Natural leak of instrument = 5 divisions m 10 mm 
Natural leak of instrument *=0 5 division per mmute 

Rate of fall of leaf with standard ore (3 per cent U,0|) *=* 48 5 divisions per mmotc 
Hate of fall of leaf with ore to be tested =• 36 5 divisions per min ute 
Subtracting from each of these figures the natural leak, 0 5 division per minute, 
the results are 48 and 36 The percentage of UjOj m the ore will then be (36 X 3)/48 
« 22 

If the natural leak is as low as 0 5 division per mmute and the radioactivities 
of the samples are as high as those indicated m the above experiment, the natural leak 
can be neglected, as the error from it is less than the probable experimental error 
Exact Detenninafaons by Emanabon Method — The exact determination of 
radium is done by means of the emanation method, which in\ olves separatmg radium 
emanation as a gas from its parent radium, and measuring its quantity in a gaatight 
electroscope previously standardized with a known amount of radium emanation 
Analyzed pitchblende has been employed to furmsh known quantities of emanation 
for purpose of standardization Pitchblende is selected because it is a primary 
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uranuim mineral and contains the equilibrium amount of radium to uranium. 
Therefore, by analyzing the mineral carefully for uranium it is possible to 
calculate exactly the amount of radium present; and a satisfactory standard 
is thus readily obtained. Secondary uranium minerals, such as carnotite, 
autunite, torbernite, etc., do not alwaj’^s contain the equilibrium amount of radium 
and, therefore, cannot be used as a standard. 

Three general methods of procedure may be used, as follows: (1) Release and 
measure the emanation from a substance in which it is in equilibrium with the radium 
content. This condition will usually not be fulfilled unless the substance has been 
retained for a month or more in a closed container. In exceptional instances, however, 
the radium might be contained in a solid of very compact structure, or with a glazed 
surface, so that no spontaneous loss of emanation could take place. But even with a 
dense mineral like pitchblende, the leak of emanation, called emanating power,” 
amounts at ordinary temperature to several per cent. 

This circumstance suggests the second procedure: (2) Liberate and measure 
the emanation retained in the solid and apply as correction the emanating power,” 
which must be determined separately and preferably after the solid has been in a 
closed retainer for a month. Both of the above procedures, applicable, in general, 
to solids only, involve in practice long delays; and, although they are adapted to 
scientific investigation, they are not suited to radium measurements for the purpose 
of plant control when quick results arc desired. 

The following procedure is shorter and preferable when its use is possible: (3) 
Remove the emanation completely from the sample of the substance to be analyzed 
for radium ; close it at once in a gaslight vessel and allow the emanation to accumulate 
for a convenient period, such as 1 to 10 days. Then remove it and measure it, making 
a time’ correction to find the maximum amount that would have been formed on the 
attainment of equilibrium. For removal of emanation the radium must be contained 
cither in solution, or in a state of fusion. When radium and barium are in a solution 
together, and there is a tendency for partial precipitation, either as a sulphate or as a 
silicate, the two elements will usually precipitate in the proportion in which they 
exist in the solution. The presence, therefore, of a moderate amount of barium in 
solution has a tendency to hold the radium in solution and to give more exact results 
by the emanation method. 

Treatment for Solution Containing Barium in Large Excess over Radium. — For 
a solution containing barium in large excess over radium, the treatment is as follows: 
Place a suitable portion of the solution — such as will contain about 1 X 10““® g. of 
radium — in a small Jena flask and add to it a suitable quantity of 1 : 1 nitric acid. 
Add a few glass beads and boil 5 to 10 min. to remove all emanation. Allow slight 
cooling, and then close the flask tightly with a one*hole rubber stopper provided with 
a glass tube drawn out above to a capillary tip. Seal the tip while some steam is still 
in the flask, in order to provide a partial vacuum, which should be maintained until 
the flask is again opened, thus affording a proof that no outward leak of gas has taken 
place. Note the exact time and date of sealing. 

The treatment for a solution containing little or no barium is to add a suitable 
portion of 1 : 1 nitric acid which is saturated with barium nitrate, and then proceed 
as in the treatment described above. 

Procedure for Liquids Containing Excess of Sulphate or Carbonate. — The detailed 
procedure for treating a liquid containing an excess of sulphate or carbonate, but no 
barium, is as follows: An excess of barium salt is added to the liquid, and the precipi- 
tate is filtered off. The filtrate containing an excess of barium is made acid with 
nitric acid to the point of precipitation, and is given the treatment outlined above for a 
solution containing barium in large excess over radium. The precipitate, if barium 
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Bulphate, IS fused with four or e times its weight of fusion mixture of sodium and 
potassium carbonates and is treated as described later for fusions If the precipitate 
13 barium carbonate, it is dissolved in nitric acid containing sufficient sulphuric acid 
to precipitate an amount of banum sulphate convenient for fusion, which is filtered 
off The filtrate that is obtained may be combined \i ith the original filtrate and given 
the treatment as described for a solution containing banum m large excess over 
radium All radium is then contamed either in the filtrate, with an excess of banum, 
or m the barium sulphate precipitate The latter is fused with sodium carbonate and 
treated as desenbed m the next section Both of the liquid fractions are closed simul- 
taneously (withm 15 mm ) so that the time of accumulation will be the same for both 
lots of emanation which can be later introduced mto one electroscope to determine the 
total radium 

Fusion Method for Radium Determinations — If the radium is contamed m a 
substance not readily soluble, such as a radium barium sulphate fuse a suitable 
quantity m a small platmum or porcelain boat with four to fiic times the weight 
of sodium or potassium carbonate and note the exact time at which the material 
becomes solid Close this boat m a glass tube as show n in Fig. 1 Allow the ems 
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nation to accumulate 2 or 3 dajs Connect the glass tube at one end to a highly 
exhausted electroscope and at the other to a stopcock Break the glass tips maide 
the rubber connections and exhaust the air from the glass tube into the electroscope 
several times, leavmg enough vacuum m the electroscope chamber to accommodate 
the gas to be mtroduced later Break the glass tube, remove the boat and its con- 
tents, wrap m a filter paper, and place m the neck of a flask, as shown m Fig 2, il is 
then ready for treatment with 1 1 nitric acid after the flask has been connected with 
the gas burette as shown m Fig 3 In this treatment the flask is tipped untd the 
acid comes m contact with the carbonate fusion thus begmnmg a gas evolution The 
stopcock IS immediately opened to the gas burette above, and the boat and contents 
are then thoroughly wet with acid and jarred down from the neck of the flask to the 
body of the acid 

In larger fusions, the evolution of carbon dioxide may become rapid and care 
should be taken in handling them but in small fusions not exceedmg 1 g the host 
may be shaken down directly into the acid, which sliould be heated to boilmg as soon 
as the gas evolution begins to slacken All the carbon dioxide is, of course, absorbed 
by the strong sodium hydroxide solution which is contamed m the gas burette 1h« 
boiling off from this point is performed as with solutions discussed below 

Boilmg off Emanation from Solubons — For boilmg off emanation from sola 
tions, the procedure is as follows Set up an apparatus as shown in Fig 3, winag 
rubber connections at a and b to ensure tightness Put mto the levelmg bulb c 
a stick of sodium hydroxide 2 to 3 m long, or more if a large quantity of catboa 
dioxide 13 to be absorbed, make sure that stopcock d is closed and stopcock « open 
pour boilmg distilled water mto the levelmg bulb and allow the alkali to get into 
solution If the boiling is too violent, put a one-hole stopper hgbtlj into the mouth 
of the levelmg bulb After the alkali has gone mto solution, rai<=e the leveling bulb 
untd the gas burette is filled to the stopcock e If the quantity of air to be boded 
off is small, some air may at first be left in the gas burette Close stopcock e, and 
lower bulb c to its original position Break the glass tip / inside the rubber tubing 
at a, and slowly open d to ascertain whether there is vacuum m the flask g If 
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close d again and begin to heat flask g over wire gauze. Test the vacuum every few 
seconds, and as soon as the pressure is outward open d, and cause the flask to boil 
vigorously. Continue boiling until live steam has heated to boiling all the liquid 
in the gas burette h. This boiling should never be less than 5 min., and some- 
times 10 to 15 min. of boiling is desirable. After the glass tip / has been broken, it 
is likely to be carried upward by steam and in some instances has lodged in the stop- 
cock d and caused serious explosions. As a precaution, a roll of thin platinum foil 
can be introduced into the glass tubing, as indicated at t, or the stopcock d may have 
a wide bore, which also obviates the danger mentioned. 



Fig. 2. — Fusion ready Fig. 3. — Apparatus for evohung 

for acid treatment. emanation and transferring to elec- 

troscope. 


After the boiling off has been completed, remove the flame, and as soon as the liquid 
begins to draw back through the stopcock d close the stopcock and remove the flask 
ontirciy. Evacuate the electroscope chamber to a suitable vacuum, cither by an 
aspirator, or, more conveniently, by a hand pump, and connect the sulphuric acid 
inicrodrying bulb I to the electroscope and to the gas burette as indicated in Fig. 3. 
Be sure that stopcock j is closed; open first the cock of the electroscope for a moment 
and reclose it ; then slowly open stopcock e to full width and then gradually open the 
stopcock to the electroscope, allowing the gas to bubble through the microdrying bulb 
at a fairly rapid rate. 

AVhen the liquid in the gas burette has risen exactly to the point k close stopcock 
and open stopcock j, allowing dry, dust-free air, which should preferably be taken 
from outside the laboratory, to sweep out the connections for a few minutes; then close 
the stopcock to the electroscope, reopen stopcock c, and allow the liquid in the gas 
burette to fall back 3 or 4 in. below the shoulder; close c, and then pour off all excess 
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liquid out of e, close j and again open « to the electroscope, allowing air to bubble 
from the bottom of the gas burette h through its entire length to ensure the remoia] 
of any emanation that may have remained dissolved in the hqmd Air should be 
allowed to babble mto the electroscope chamber until normal pressure has been almost 
restored The above procedure for boiling off radium emanation is used for carbonate 
fusions introduced into acid, and also m handling anj solids that arc to be dissolved 
directly For example, ground pitchblende and camotitc ore may be wrapped in 
filter paper m the way m which such a fusion is wrapped in Fig 3 or sealed m small 
glass bulbs which are opened by being crushed against the bottom of the flask by 
tapping on the glass stem projecting through a second hole m the rubber stopper 
Constroction of an Electroscope — Figure 4 shows an electroscope that is verj 
suitable for radium dctcrmmationa by the emanation method Figure 5 represents 



a section of this electroscope, showing the gas tight chamber at the bottom with 
openings at o for connections with stopcock The electrode e is a brass cylinder 
in m diameter It is suspended by a small brass rod in in diameter, which 
screw a mto the top of the electrode, passing upw ard through the insulating material d 
and terminating in a small conical top c, serving to make metallic contact with the 
leaf system above The leaf system/ is supported from the top of the cybnder, where 
it IS held m place by the sealing-w ax insulation set in a milled head cap g a hich screws 
into a vertical collar on the cy Under in in height The cap is hollowed out msidc 
to contain the insulating wax, from which a flat brass rod/, J^in broad about Ks*® 
thick, and 2)^ in long, projects downw ard, terminating below in a light brass spring 
*, to make contact with the conical top of the electrode of the ionization chamber 
The leaf la of aluminum, about 2 in in length, and la attached to a small offset ^the 
top of the brass rod by a moisture contact The electroscope can either be charged by 
a piece of hard rubber or, better, by a battery of flashlight storage cells giving 500 or 
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600 volts. The reading microscope in front of the instrument carries a micrometer 
scale serving to measure the rate of discharge of the leaf. The eyepiece fits firmly 
into the case so that its rotation is difficult after the micrometer scale has been set 
parallel to the leaf. 

Order of Procedure in Using Electroscope. — (1) Set up the electroscope and 
charge for 15 min. from a battery with just sufficient voltage to hold the leaf on 
the part of the scale to be used later. (2) Observe the natural leak during 15 or 
more minutes. (3) Cany out the calibration control by means of penetrating rays 
if radium is available for this purpose. (4) Detach the top and evacuate the lower 
chamber to the desired vacuum. (5) Pass the emanation-air mixture through a 
sulphuric acid drying tube into the evacuated chamber and restore normal pressure. 
(6) Allow the emanation to stand in the discharge chamber for 3 hr. (7) Charge 
for 15 min. as before. (8) Take three readings if agreements are good, or ten if 
deviations are greater than 1 per cent. (9) Clean out the emanation chamber by 
drawing dry dust-free air through it for some time (overnight if convenient). (10) 
Calculate the discharge and subtract the natural leak, expressing both in divisions 
per second. (11) Compare the corrected discharge with the calibration of the 
instrument to determine the quantity of radium under measurement, taking time 
corrections into consideration. 

Calibration of Electroscope. — The calibration of the electroscope is carried 
out in exactly the same way as in ordinary measurements, except that a known quan- 
tity of emanation is introduced. This known quantity may be obtained in two ways, 
as follows: (1) From a standard solution of some radium salt by passing air through 
it until its emanation is all transferred into the electroscope. This method is not 
satisfactory, as it is difficult to know always the amount of radium in solution, owing 
to the tendency of a portion of the radium to precipitate out of solution as sulphate 
or silicate. (2) The preferable practice is to use high-grade analyzed pitchblende, a 
suitable quantity being dissolved for each standardization, and the quantity of radium 
being calculated from the uranium analysis. The quantity of radium emanation 
obtained on dissolving the pitchblende will not correspond exactly to the radium 
content because a small fraction of 2 to 10 per cent of the gas diffuses from the ore; 
this fraction, termed the emanating power’’ of the ore in the cold, must be deter- 
mined by sealing a quantity of the ore in a tube for a month or more, and drawing 
off the emanation into an electroscope by the passage of air. The '^emanating power” 
thus determined in the standard sample is used as a subtraction correction. Con- 
venient quantities of radium emanation are those which will produce a discharge 
of the order of one to two scale divisions per second. The use of pitchblende as a 
standard is based on the fact that in any unaltered uranium mineral the ratio of the 
radium present to the uranium is constant. One gram of uranium is in radioactive 
equilibrium with 3.3 X g. of radium. 

Sample Determination of Radium Content of an Ore. — A sample of pitchblende 
loses 10 per cent of its emanation at room temperatures. It contains 50 per cent 
metallic uranium. Therefore 22 mg. of the ore will, on dissolving in acid, liberate 
emanation in equilibrium with 10 mg. (0.01 g.) of metallic uranium. This emanation, 
3 hr, after introduction into the electroscope, causes the leaf to fall at the rate of 40.5 
divisions per minute. The natural leak (0.5 division per minute) subtracted from 
this leaves 40 divisions per minute due to the emanation. Therefore the fall of one 
division per minute represents the total emanation associated with 0.01/40 = 2.5 
X lO"-* g. of m-anium in the mineral. This is the ‘^constant” for the electroscope. 
One gram of ore is fused with fusion mixture as alread}’ described. At the end of a 
month the emanation obtained from the two solutions is introduced into the electro- 
scope, After 3 hr. the rate of fall of the leaf is 18.5 dhdsions per minute. Sub- 
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tractuig the natural leak (0 5) loa\ca 18 dnisions per minute Therefore 1 g of the 
ore contains 18 X 2 5 X lO**' « 45 X lO"* g of uranium » vU 1 g of uranium is m 
radioactive equilibrium ivith 3 3 X 10“’ g of radium, 1 g of the mineral will coutam 
(45 X 10 ‘) X (3 3 X 10^0 “ 1 48 X 10*» g of radium 

OTHER RADIOACTIVE ELEMENTS 

Mesothonum — Of the other radioactii e elements that have commerciaj use 
mesothonum is the most important It is a dismtcgration product of thorium and 
IS therefore, associated with tins metal in all thonum minerals Its half life penod 
IS very short, compared with that of radium, being onlj 3 cars Therefore, com 
mercially it has not the same value as radnini, espceiallj for cancer treatment, or for 
purposes where it w ould naturally be carefully preserved and a long hfe would be of 
advantage WTicn its commercial use is likely to last over a limited penod, such as m 
luminous paint for cheap watch dials and electric pusli buttons it is just as useful as 
radium and can be substituted for the latter clement m luminous paint fir such 
purposes Since mesothonum 1 gives oft beta ravs only, and the alpha rays are the 
mam source of luminosity m paints used for watch dials, etc , it }3neccsj>ary for the 
mesothonum 1 after preparation to be allow cd to "ripen ” for a y ear or ev en two years 
BO that the alpha rays, due to the gradual accumulation of radiotbonmn, can be used 
The general effect, therefore is for the lummosity of such pamts gradually to lacrease 
for two or three years and then, after coming to a majiimum, gradually to decrease 
Mesothonum 1 chemically is allied to barium and radium and, therefore, can be 
precipitated with barium just as radium is The usual procedure m manufacture 
IS to add 2 or 3 lb of barium chlondc per ton of monazitc t reated ^Mien the monante 
13 heated with sulphuric acid in order to extract the thorium and other rare earths, the 
barium sulphate and mesothonum sulphate are left behind m the residue and can be 
recovered from the coarse sihca etc by slimmg The crude concentrates so obtained 
can be still further punfied by fusion w ilh a mixture of caustic soda and sodium carbon 
ate by which means the silica is converted into sodium silicate and can be washed 
away from the banum mesothonum carbonates, or the sihca can be clunmatcd by the 
use of hydrofluone acid The refined sulphate so obtained is punfied by the same 
methods described under the refimng and punfication of radium 

Actamum — Actmium was discovered by Debierne in the iron group separated 
from pitchblende shortly after the discovery of radium and polonium Actinium 
itself is probably ray less, but its first product radioactiiuum, has a half hfe penod of 
18 8 days Actimum preparations when first made increase enormously m activity 
over a period of several months It is, therefore, comparatively easy to overlook its 
presence, unless the preparations are kept and their activity’' tested penodieafly 
Actinium 18 easily obtained with iron and rare earths by precipitating banum as 
sulph'a.teiii ■an acid soVoYion and this accounts for its presence in pitchblende 
In working these up, the acid solutions, after remov al of polonium by means of 
hydrogen sulphide, are oxidized and precipitated w ith ammonia, the actimum bemg 
precipitated and the radium and barium, of course, remammg m solution The 
precipitate may be extracted with dilute liy drofluonc acid, the msolublc part consist- 
ing of La, Di, Ce, and Th retaining most of the actmium The rare-earth clement 
most closely associated with actmium is lanthanum In the presence of ammonium 

> This la true only when thetiraniumaiid the radjumsrem equiLbn u m. In other case* it represent* 
the theoretical amount of uranium in equilibrium with the radium actually present. la p tchMeniie 
sinee It 1* B primary mineral the ratio of uranium to radium laeona taut Ig uranium =33X1® *** 
Tadiam w 2000 Yo VjOi » S31 mg BaCli and if the percentage of uranium w Xnown by *D*ly*'S 
the amount ol radium present can be calculated directly In eamoUte and other recent iB»n>““ 
aunerala the equilibrium ratio U not constant and the radium present has to be found by expenment. 
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salts the precipitation of actinium is far from complete, but it is completely precipi- 
tated in the presence of manganese from basic solutions. 

Polonium. (Radium F.) — Polonium is one of the short-lived radioelements 
having a half-life of 140 days and giving off alpha rays only. Its discovery was 
due to the fact that it is closely allied to bismuth and precipitates with bismuth in 
the second group. For this reason it is easily separated from radioactive minerals 
in crude form by digesting radium containing residues of pitchblende or carnotite 
ore itself with hydrochloric acid. A part of the polonium is dissolved and may be 
precipitated with hydrogen sulphide. The polonium may be purified (1) by fractional 
precipitation from solutions made very acid with hydrochloric acid, the polonium 
being enriched in the precipitate; (2) by fractional precipitation of the basic nitrate 
with water, the precipitate being enriched ; (3) by sublimation in vacito^ the polonium 
being more volatile. By immersing a plate of bismuth, silver, copper, etc., in a 
hydrochloric acid solution, the polonium is practically completely precipitated. The 
theoretical quantity of polonium in minerals is 1 g. for 14 tons of uranium element, 
assuming that no radium emanation escapes from the mineral. As such a condition 
never exists in nature, the actual amount is less than the theoretical. 

Radiolead. (Radium D.) — There are three kinds of lead: (1) one representing 
the final disintegration product of the uranium series; (2) the final disintegration 
product of the thorium series; and (3) ordinary lead, which so far as is known, does 
not owe its origin to radioactive changes. The first has an atomic weight of 206, the 
second 208, and ordinary lead 207. Since radiolead, or radium D, resembles lead 
perfectly in all its chemical reactions, in the treatment of uranium minerals it cannot 
be separated from the lead which is found in such minerals. It is, therefore, obtained 
in association with this lead when the latter is precipitated during the refining of the 
radium-barium sulphate. Common commercial lead contains traces of radium D 
and is more distinctly radioactive than most other metals. For this reason, in making 
instruments, a very old lead should, if possible, be employed, as in this the radioactive 
constituents will largely have decayed. Another source of radium D is old radium, in 
which the radiolead has to a certain extent accumulated. If, however, a sample of 
this clement is required in concentrated form, the best method is to remove the 
emanation periodically from a radium solution kept in an airtight vessel and introduce 
the emanation into a closed vessel. As the emanation decays, the radiolead will be 
formed and will be deposited on the sides of the vessel. This can then be dissolved 
by acid and precipitated by ammonia or other lead precipitants, provided a small 
amount of lead salt is introduced in order to give a precipitate sufficiently large to be 
handled. 
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TIN 

Bt B L IUllett^ 

Physical Properties * — Tin is a relatively soft silver white metal with a bnlliant 
luster Its atomic weight is 118 7 It la not very ductile — it is too soft to permit 
drawing It is very mallcahle and may be rolled into thin sheets the property which 
IS utilized in the manufacture of tinfoil The tensile strength of tin is low, being 
somewhat higher than that of lead but lower than most of the other metals Most 
impurities tend to mcreaso the tensile strength of tm, but they also decrease its malle- 
ability and ductility 

The specific gravity of tin vanes w ith the method ot preparation the specific 
gravity of cast tin is about 7 29, of rolled or extruded tm about 7 31 The melting 
point of tin IS 232®C , and the boiling point has been reported to be about 2260*C 

Most of the impurities usually found m tm tend to make it harder and more 
brittle Many of them tend to raise its melting point, but some of them (such as 
lead) form eutectic mixtures with tin and lower its melting point 

When tm IB exposed to low temperatures, the physical character of the metal 
seems to undergo a complete change, probably a molecular change, during which the 
solid metallic form is changed to a gray pow det made up of small grams This form 
13 known as the gray modification ’ and seems to be an allotropic modification of tm 
The change may take place at temperatures below 18“C The specific gravity of the 
gray modification has been repiorted to be about 5 8 

Tin m its ordinary form is somew hat cry stalline m structure, the cast form being 
more crystalline than the rolled form When a bar of tin is bent it gives a character 
istic “cry,” ft slight cracking noise, probably caused by the friction of the crystals on 
each other 

Chermcal Properties — At ordinary temperatures, metallic tm la not readily 
acted on by many chemical substances The action of the elements of the atmosphere 
IS slight, accounting for the wide use of tm as a protective coatmg for iron and steel m 
the welUknown form of tin plate 

Cold dilute hydrochloric acid dissolves tin slowly, and the action is more rapid 
when hot concentrated acid is used Stannous chloride is produced and hydrogen is 
given off m the reaction 

Ddute sulphuric acid slow ly dissolves tm w'lth the evolution of hy drogen, and hot 
concentrated sulphunc acid dissolves tm rapidly with the evolution of sulphurous 
anhydride and the separation of sulphur 

\ cry dilute nitric acid dissolves tm w ithout the evolution of gas formmg stannous 
mtrate and ammonium nitrate, and strong nitric acid rapidly converts it mto meta 
stannic acid, which is insoluble m most other acids Aqua regia (nitrohydrochloric 
acid) dissolves tm readily, formmg stannic chloride 

Tin usually acts as a base but sometimes as an acid Tm oxide, SnOi » “o* 
appreciably attacked by most acids, but at high temperatures tm cxide reacts readily 

1 Chief Checaut NationU Lead Co New York 

• Beferencee ere to siDularly numbered references in the BibUogrsphy »t the close of the eb»pt«r 
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with silica to form the silicates. When tin oxide is heated with some strongly basic 
substances, such as fixed alkalies, stannates of the bases are formed. 

Alloys. — Tin readily forms alloys with most of the other metals. Some of the 
alloys are of great commercial and industrial value, but the use of tin in alloys is 
second in importance to its use in tin plate. 

Perhaps the most important alloys of tin are those with antimony and copper in 
hearing metals, with lead in solder, with lead and antimony in type metal, with lead 
in terneplate, with copper and sometimes zinc in bronze and many other alloys used 
for minor purposes. 

The only tin alloys that greatly affect the metallurgy of tin are the alloys of iron. 
Tin alloys readily with iron, which fact is said to account largely for the success in 
plating iron with tin. 

The tin-iron alloys formed in some tin metallurgical operations are known as 
‘^hard-head.^^ They have very high melting points and introduce certain difficulties 
in the metallurgy of tin. The best known hard-head alloy is FeSn 2 . The alloy 
containing 50 per cent tin and 50 per cent iron has the lowest melting point, which is 
given as 1140°C.[2]. 

Tin Ores. — By far the most important ore of tin is the mineral cassiterite, which 
is tin dioxide, SnOa. It contains 78.6 per cent tin and 21.4 per cent oxygen. It 
crystallizes in the tetragonal system and has a hardness of 6 to 7. The specific gravity 
is G.8 to 7.1. The color is brown or black, sometimes red, gray, white, or yellow. 

The occurrence of tin as the mineral stannite, a triple sulphide of tin, copper, and 
iron, has been reported and is of interest, but no deposits of commercial value have 
been found. A number of other tin minerals have been identified in various places, 
but are of scientific interest only. 

Tin oxide (cassiterite) is the commercial ore from which the tin of commerce is 
produced. It occurs in many parts of the world in original deposits in the form of 
veins or lodes, and also in transported alluvial or placer deposits. The occurrence in 
these two forms gives rise to the two names for the ore: 'Vein tin^* and “stream tin,’' 
designating the vein and the placer deposits. 

Tin ores also are referred to as “tin stone,” “washed tin,” “tin sand,” “black 
tin,” and “barilla,” the different terms being used in different localities where the 
nomenclature probablj’" has been developed locally. 

Minerals containing other metals often are found associated with cassiterite in the 
original vein deposits, but in the placer deposits the tin ores usually are fairly pure 
because, while cassiterite is practically unaffected by the action of the elements of 
nature that decompose the original vein formations and transport the decomposed 
material to the placer deposits, manj^' of the other minerals are altered to such an 
extent that the metals contained in them are readily washed aw’ay and are not found 
associated with the cassiterite in the placer beds. 

The metals often found associated with cassiterite in vein deposits are Pb, Bi, W, 
Sb, Zn, Cu, Ag, As, and Fe. ^Vhile the tin almost invariably occurs as the oxide, the 
other metals when present are nearly always in the form of sulphides, except arsenic 
and tungsten, which usuallj^ occur in the form of arsenides and tungstates. 

Occurrence. — Tin has been found in many parts of the world, but in some large 
areas (such as practically the whole of North America) no tin deposits of any great 
commercial value have been discovered up to the present time. 

1 he large and valuable tin deposits of the world are found in the Malay State? 
(comprising the ^lalay Peninsula), Netherlands East Indies, Bolivia, Thailand, 
Belgian Congo, China, Nigeria, and Burma with minor deposits in Australia, Argen- 
tina, Cornwall, Indo-China, Japan, Portugal, and elsewhere. The tin ore produced 
in the Malay States, Netherlands East Indies, Thailand, Belgian Congo, Nigeria, and 
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Borma IS very largely from placer deposits 'i lie important ore deposits in Bolivia 
China, and Cornwall arc mostly %ein formations 

Up to and including the eighteenth centurj , cn Uization secured its tin supply 
mainly from Coma all in I ngland and from Saxony and Bohemia In Lurope Earlj in 
the nineteenth centur> the European deposits became practically exhausted, but the 
Cornwall deposits increased m production and importance, and together with the 
placer deposits of the Netherlands East Indies, formed the mam supply imtdproduc 
tion from the Malay States began to come in toward tlie end of the nineteenth century 
and the early part of the twentieth century At the present tune, the Cornwall 
deposits have become greallj depleled Dunng the first twenty years of the twentieth 
centurj, the Malaj States became the largest producer of tm and have occupied 
that position continuous!} until the present tune The production of tm from Bohvia 
began to be a material factor toward the end of the nineteenth centurj, and at the 
present tune the production from both the Netherlands East Indies and Bobvia is 
second only to that of the Malay States 

Ihe production from the different localities dunng thejears 193Gto 19f0as given 
in Minerals 1 earbook” is given in Tabic 1 


Table 1 — World’s Phodcctiov of Tiv 
(Tin content of ore m long tons) 


Country 

193C 

1037 

1933 

1939 

1940 

Belgian. Congo 

d 301 

1 S,0S4 

8,820 1 

9,663 

7,600 

Bohvia 

24 052 

25,128 

25,484 

27,211 

37,923 

Malay States 

Federated 

64 CSO 

1 75,117 

41,206 

49,525) 


Unfederated 

1 979 

2 075 

2,041 

1,994 [ 

&>,384 

Straits Settlements 

58 

72 

114 

206) 


Netherlands 1 ust Indies 

30 728 

39 133 

27,299 

27,755 

44 447 

N igeria I 

9 G48 

10 782 

8,977 

9,427 

12,012 

Ttiailand 

12 633 

15,786 

14,704 

17,32d 

17 447 

Burma 

4 54G 

4,630 

4,412 

4,500 

5 500 

Australia I 

3 027 

3,2o0 

3,329 

3,500 


China 

11 082 

12,871 

11,605 1 

10,422 1 

6,349 

Other countries 

10 266 

11,100 

11,909 

11,172 

15 033^ 

Total 

179 000 

208,100 : 

159,900 

172,700 

231,700 


During the years preceding the First W orld W ar much of the tm ore from the 
Malay States, was. smalind. vo. smi SaVitmantai, and much 

of the tm ore mmed m the Netherlands East Indies (the Islands of Banka and Singkcp) 
was smelted m Holland Practically no tin ore of the Far East has been smelted 
m the Umted States because of the foreign government restrictions which have 
prevented the development of an American tm-smeltmg mdustry with the ores from 
that source 

Before the First World W ar a large proportion of the Boliviaix tin ore was smelted 
in England and the remamder m Germany As the war progressed, Germany was 
elunmated because of her mabihtj to secure Bohvian ore, and for sev end jears dunaS 
the war the tm ore from Bolivia was smelted almost entirely m England and m the 
Umted States each country receiving about half the Bolivian output 

The tm-smeltmg industry m the United States was not started until 1916 but 
rapidly developed thereafter until m 1923 it bad reached an annual tin smdtmS 
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capacity of about 20, 000 tons of fine tin. During 1923 the tin-smelting companies 
in the United States were forced to abandon their operations, owing to their inability 
to meet the cheaper costs of smelting tin ore in Europe, chiefly in England and 
Germany. 

From 1923 to the time of the Second World War a large part of the Bolhdan ore 
production was smelted in England, although some was smelted in Germany and 
Belgium. After the start of the Second World War the Longhorn tin smelter was 
constructed in Texas by the American government. When it was completed about 
half the Bolivian ore was smelted in England and half at the Texas smelter. 

Prior to 1916 the only tin produced by smelters in the United States was the 
secondary metal obtained from the smelting of dross, scrap, and refuse. Smelting 
of dross and the recovery of secondary metal still is and will continue to be an impor- 
tant industry in the United States, and the amount of tin so produced is probably 
about 30 per cent of the primary tin used in the United States, 



Fig. 1 . — Open-cut tin mines, Straits Settlements.^ 


Consumption. — The world’s recent peacetime annual production of primary 
tin has been about 180,000 long tons, of which about 40 per cent has been consumed 
in the United States. Of the tin consumed in the United States about 50 per cent 
is used for tin and tcrncplate, about 25 per cent for bearing metals and solder, and the 
remainder in various industries where tin in different forms is required. The United 
States, therefore, occupies the unique position of being the countr 3 ^ which is the largest 
consumer of tin, but which, aside from the insignificant quantity coming from Alaska, 
produces practicallj" no tin from natural deposits and must depend entirelj^ on supplies 
from foreign countries. 

Grades of Tin. — With tin, perhaps more than with any other metal, the location 
and the character of the ore deposits from v Inch the tin is obtained determine to a 
large extent the quality and the use of the tin that is produced. In metallurgical 
rccovcr^^ operations most metals arc so completelj” refined that thc}^ are recovered 
eventual^ in pure form generallj’ suitable for the purposes for which such metals are 
used. The methods of refining arc usualh’^ such that the ores from all sources are 
amenable to the methods and pure metals are produced, no matter what impurities 
mav bo a'^sociatod with the metals in the original ore deposits. 

' 1 igures 1 to 5 inclu’^ive are ihc< 1 by court cs\ of Malav States Information Agency. 
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With tm the conditions are quite diflerent The selection of tin for various uses 
depends gicatlj on the impuntica that the refined tin contains and because of the 
difficulty of removing the metallic impurities in the tin refining process the success 
in refining depends to a considerable extent on the puntj of the original tm deposits 
and the kind and amount of other metals associated with the tin m the original ore 
For this reason, tin from the ores obtained from certam localities has established 
a reputation for quality not because the metallurgical methods of rccoverj and refining 
of the tin are superior, but because the tm ores produced m those localities contain 
such small amounts of associated metal impurities that fairly simple metallurgical 
methods produce refined tin of great puritj 

Tin from other sources where the ores arc contammated bj large amounts ol 
other metals is refined with great diflicultj and e\en after refinmg to the greatest 
possible degree permitted by compctitn o cost is usually not so pure as the tin from 
the localities where the ore docs not contain the impurities in the original ore deposits 



Fio 2 — Open cut mine Straits Settlements 


This condition has developed the present tm situation, where reputation of brand 
resulting partly from metallurgical treatment hut largely from purity of the original 
ore deposits, is the first consideration m purchasing the metal 

The metallurgical methods used m difiercnt smelting plants ha\ e been specially 
developed to treat the different kinds of ore obtained from different localities and for 
that reason, great differences m metalluigical processes and methods of treatment 
have resulted These methods have been earned on for such a long tune that they 
have become more or less standardized m the various smelters, and the different 
brands of tm are fairly uniform m regard to the kind and amount of impunties they 
contam Tm made from ore from different parts of the world vanes somewhat m 
purity, and the uses of tin also vary as some uses seem to require tm of great punty, 
while others are satisfactorily met with tm that is somewhat less pure 

The kind as well as the amount of impurities contamed in tm is an impor an 
consideration ^hde there are undoubtedly characteristic differences m the 
position of tm produced from the different ores taken altogether, the differences are 
not great when refimng has been properly done For many years tm has been 
marketed under the brand or trade name of the producers This has led to the 
tmet classification according to brand and each brand has assumed its own reialive 
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' Figures for brnnds other than LonAnorn taken from publications of the International Tin Kesearch and Development Council. Figures for Longhorn 3'Star 
taken from '* Metal Statistics.” Figures for Longhorn 2-Star and l-Star taken from United States Government information releases. 
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importance in accordance with its reputation for unifonmty ami the 1»mil and amount 
of impurities it contains 

The priiic pal brands of piR tin produce 1 bj the tin smelters of the world together 
with the CO intncs m which the smelters arc located and tjpieal average analj'scsof 
each brand are g i en in Tabic 2 

Pnees — Coder normal conditions where the prices are controlled bj supply and 
demand the principal markets are in London and New 'iork and prices are estab- 
lished at those points Prices m London and New 'iork are usually fairly near 
together the London price being just enough under the New “Vork price to represent 



Fig 3 — n> draulic nuning Straits Bcttlcments 


approximatelj the cost of freight from London to New "York The average jearl 
prices of Straits tin for prompt delivery in New \ork as published in J/fnerals ifor 
booi are given m the following table 

PiQ Ti\ Prices i\ New \ore 



Average Cents 

Near 

per Found 

I93G 

46 42 

1937 

54 24 

193S 

42 20 

1939 

50 18 

1940 

49 S2 


Mining — ^The mining methods used to remose the tm ore from the natu^sl 
deposits depend to a large extent on the character of the deposits whelhenein or 
placer and to a less extent on the location kind of labor available climate and other 
local conditions 

The vein deposits are w orked by mining methods v ery similar to tho«e used for 
the hard rock mining of the ores of other metals 

The placer deposits are mined w ith open cuts and by hv drauLc sluic ng 
dredging Some of the open cut mining m the Far East is done in a crude and ele- 
mentary manner but mucli of the hydraulic simemg and dredging is earned on 
according to the best modern mm ng methods 
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The sand and gravel from the open-cut mines usually are treated in sluice boxes and 
sometimes even in hand pans to concentrate the cassiterite and wash out the worthless 
material. Typical open-cut mines in the Malay States are shown in Figs. 1 and 2. 

WHiere hydraulic sluicing methods are used, the placer ground often is broken up 
with modern “giants^' or ^‘monitors/' and the sand and the gravel are washed through 
sluice boxes to concentrate the tin mineral. Hydraulic mining in the Malay States 
is shown in Figs. 3 and 4. 

Dredging is done with floating boat dredges following practice similar to the dredg- 
ing of placer ground in other parts of the world. 

The tin ore from vein-mining operations is milled at the mines. It is first crushed 
to break the cassiterite away from the associated minerals, and it sometimes is neces- 
sary to crush some of the gravel from placer ground to accomplish the same end. 

The mined and crushed ore is then treated in sluice boxes, hand pans, or, in the 
more modern operations, with standard wet-concentrating machinery. As the specific 



Fig. 4. — Hydraulic mining, Straits Settlements. 


gravity of most of the gangue minerals is lower than the specific gravity of cassiterite, 
the mechanical concentrating treatment removes most of the gangue and earth and 
leaves the tin in tlie form of cassiterite concentrates, usually containing more than 
GO per cent of tin. Hand picking sometimes precedes the wct-concentration treat- 
ment. In the purchase of tin concentrates by the English tin smelters, the treatment 
charge is usually based on concentrates containing 60 per cent tin with an increased 
treatment charge if the concentrates contain less than 60 per cent tin, and a decreased 
charge if they contain more than 60 per cent tin. 

If the ore is obtained from placer ground, the tin concentrates resulting from the 
mechanical treatment are usually fairly pure, but if the ore is obtained from vein 
deposits, the concentrates may be contaminated with small amounts of the sulphides 
of other metals. 

Preparing the Ore for Smelting, — Modern smelting reduction methods as applied 
lo the metallurgy of tin are fairly efficient and economical, but because of the metal- 
lurgical and chemical characteristics of tin, the refining methods in general use are not 
entirely satisfactory and fail to remove completely the metallic impurities which are 
reduced witli the tin in the smelting process. For this reason it is often necessary to 
real specially the tin concentrates from some localities so as to remove the metal 
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impurities they contain and make them suitable /or smelting Tin concentrate? 
from otlier localities, where the original ore deposits do not contain the metal impuri 
ties require much Jess treatment to prepare them for smelting and some tin ores are 
smelted succcssfulh after simple mechanical concentration to remove the gan|;ue 

Generall> speaking, the tin concentrates from vein deposits, particularly those of 
Bolnia require the most extensive preparation before smelting and the tin concen 
trates from placer deposits require the least preparation 

A number of methods arc used to remove the metal impurities from the tin con 
centrates before smelting and these methods might be classified somewhat broadly 
ns follows (1) roasting, followed by further mechanical separation of minerals that 
arc broken away from the cassitcnte by roastmg or arc altered m such a way as to 
change their specific gravity and make them more amenable to mechanical concen 
trating methods (2) roasting followed by leachmg with water or with acid solution 
dilute solutions of sulphuric acid and hydrochloric acid arc sometimes used in this 
process (3) heating with sodium carbonate or salt cake (sodium sulphate) followed 
h> leachmg with w oter, (4) chloridizing roast w ith sodium chloride (salt) followed by 
leaching w ith w ntcr or In drochloric acid , (5) the remox al of metal impurities, present 
in the form of sulphides by oil flotation 

Roastmg Followed by Mechanical Concentration — Cassitcnte is not decomposed 
or appreciably altered when calcined at a red heat, but many of the associated mm 
erals containing other metals are so altered as to make further mechanical separation 
possible During the roasting process much of the sulphur and arsemc and some of 
the antimony are volatilized and removed After roasting is completed, the resultmg 
material contains tin oxide, substantially m its onginal form oxides of iron, zme, 
bismuth and copper, sulphate of lead some arsenate of iron, and small quantities 
of more or hss unaltered sulphides of the metals together with some unaltered (ung 
slen compounds and minor amounts of other mineral prodm ts Ihe 'volatile prwl 
(lets particularly arsenioiis oxide sometimes are collected iirid recovered in baghotises 
or other dust collecting equipment 

Some of the aiisociateti inineraJs arc broken awav from the cassiterite and freed 
from it by the roasting treatment \\ hen the calcined material is further treated by 
mechanical concentration me^hods, some of the altorcfl or separated minerals are 
removed producing purer and cleaner cassitcnte concentrates 

The roastmg of tin concentrates is done in roasting fuTnaces of manr t}T>c^ more 
or less following roasting practice used m the metallurgy of the ores of other metals 
The roastmg may be done in hand rabbled reverberatory furnaces or m mechanical 
furnaces, of which many tvpes are m use Perhaps the most popular furnaces for the 
roasting of tin ore are those of the rotating-cy Imdcr type, such as the Oxland and 
Hocking and the W hite-How ell furnaces. These furnaces arc made with a heavy 
steel or cast mon cy Imdrical shell 30 to 40 ft long and 4 to 6 ft m diameter lined with 
firebrick They are placed in a nearly liorizontal position and are equipped with 
hearing rmgs that run on friction rollers The furnaces arc dnv en by geara attached 
to the shell and rotate at fairly low speed 

The charge end is slightly higher than the discharge end, which arrangement causes 
the material in the furnace to pass slowly through as the furnace rotates Coal or oil 
IS used for fuel, and the heat is usually admitted at the discharge end 

Roasting furnaces of the fixed hearth revolving rabble ty^pe also are nsed far 
naces of this type are the Wedge Herreahoff, MacDougall Ridge, Pearce Turret 
Merton, and others of similar construction Most of these furnaces have fixed cim^ 
lar hearths with revolvmg rabble arms mounted on a central vertical rotating ^f 
The arms are fitted with rabbles which slowly stir the charge and carry it arouiw f 
hearth as the rabble arms revolve Some of the furnaces of this type haiebu a 
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single hearth, while others have several hearths, one above another, all operated by 
the same central shaft. The top of the furnace sometimes is used as a drying hearth 
to remove the moisture before the charge is fed to the first enclosed hearth. The 
furnaces usually are built of firebrick, with arched-roofed and sometimes arched-floor 
construction. 

The roasting problems involved do not differ materially from those encountered 
in the roasting of the ores or other metals. The larger multiple-hearth roasting fur- 
naces and the larger rotating-cylinder furnaces have about the same capacity, and 
about 1 ton of tin concentrates per hour can be roasted satisfactoril}^ in such furnaces. 
The fuel consumed is 100 to 300 lb. of coal per ton of tin concentrates roasted. It 
generally is desirable to crush the ore or concentrates before roasting, and satisfactory 
results usually are obtained if the material is crushed to pass about a ^-in. screen. 
To maintain proper roasting conditions, it usually is desirable to keep the roasting 
furnaces at temperatures of 550 to 650° C. The type of furnace, kind of fuel, and 
roasting cost depend on the location, character of labor, kind and amount of impurities 
in the tin concentrates and other conditions that affect roasting problems in general 
and that have been described fairly completely in the first volume of this Avork. 

Roasting Followed by Leaching-— Instead of mechanical concentration following 
the roosting of tin concentrates, the calcined material sometimes is leached with 
water or acid solution to remove products that have been made soluble by the roasting 
treatment. 

Leaching Avith water sometimes emoves certain soluble compounds, but leaching 
with dilute acid solutions is more effective, as some of the products formed during the 
roasting process are readily soluble in acids, although insoluble in AA^ater. 

Heating with Sodium Compounds. — Some tin concentrates contain tungsten 
compounds, Avhich are not greatly affected by simple roasting. When these com- 
pounds are heated AA’ith sodium carbonate or sodium sulphate to about 600°C., sodium 
tungstate is formed. If the process is carried beyond the stage of the formation of 
sodium tungstate, some sodium stannate is produced, and for that reason an excess 
of sodium carbonate or sodium sulphate should be aAmided. 

In this process the tungsten minerals react Avith the sodium compounds to form 
sodium tungstate, AA^hich is soluble in AA^ater and may be removed by leaching the 
treated material AAuth AA^ater in a properly constructed vat. The sodium tungstate 
may be recovered from the solution by evaporation. After being suitably purified, 
it has a ready market. 

The process should be controlled by regulating the amount of sodium carbonate 
or sodium sulphate so that it aauII be present in sufficient quantity to combine A\dth the 
tungsten but aauII not be present in excess so as to combine AAuth some of the tin. 

This process has been used in several localities, but the results have not been 
entirely satisfactory, and the process is not used to any great extent at the present 
time. The rcmoA’’al of tungsten minerals by liand picking is perhaps the most satis- 
factor}’' method and is the one generally used Avhen it is found ncccssarj’’ to remove the 
tungsten minerals before smelting. 

Jennings and DoIan[3] have proposed a method for remoAung impurities from tin 
concentrates by heating the concentrates Avith acid sodium sulphate (bisulphate) 
instead of salt cake. They state that the cassiterite is not affected by this treatment 
nnd that many of the other impurities are converted to soluble sulphates and may be 
leached out Avith Avatcr. 

Chloridizing Roast. — When the tin concentrates are contaminated with sulphides 
of the other metals, a chloridizing roast, folloAA'cd by leaching, sometimes is used to 
purify the concentrates before they are smelted. When the sulphides of many of the 
cmninon metals are roasted Avith salt in an oxidizing atmosphere, the sulphur becomes 
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oxidized and combines w ith the sodium of the salt os sodium sulphate, while the metals 
combine with the chlorme m the form of chlorides Cassitcntc is practicaUy ujjaf 
f ected by the cWondizmg roast 

In the chlondizing metallurgical operations earned on m connection with the 
treatment of ores, it has been found that the chlorides of some of the metals arc fairly 
\olatile and m the chlondizing roast such metals as bismuth, lead, arsenic, antimony, 
and silver may partly be removed m the form of fume The chlorides of some of the 
metals that remain with the calcined concentrates are soluble in w aler or dilute acid 
and ma> be removed by suitable leaching and w ashing 

I,eaching of the calcined concentrates w ith water or dilute acid usually is done m 
wooden or rubber Imed vats properly constructed and in some cases fitted with filter 
bottoms 

The chlondizmg roast is earned on m furnaces similar to those used for dead roast- 
mg, the principal dilTcrcnce being that I to 5 per cent of gait (NaCl> is mixed with the 
ore or concentrates before they are charged to the chlondizing furnace (Sec the 
chapter on Chlorine m Metallurgj for further information on this subject ) 

Oil Flotation — The separation of metal sulphides from other minerals by means 
of oil flotation has been perfected and has become a moat important and extensively 
used metallurgical operation for the treatment of ores Flotation is used to great 
advantage m the purification and preparation of some tin ore or concentrates for 
smelting The sulphides of most of the common metals are floated without difficulty, 
and cassitonte is practically unaSected, permitting separation of the metal sulphides 
from the tm mineral 

In this w ell known process the finely ground ore is mixed with water and is agitated 
violently Oil in small amount, sometimes only a fraction of 1 per cent, is added and 
the agitation is continued until a heavy froth forms and floats on the surface Minute 
oil bubbles become attached to the smaU particles of metal sulphides because of the 
surface wetting property of the oil for sulphide mmerals, and m this way the Oil 
brings the particles of sulphide minerals to the surface and causes them to float m the 
froth This action produces a separation of the metal sulphides from the cassitcnte 
and gnngue which smk m the water m which the flotation is carried on 

Difierent kinds o! oil are used for different sulphide minerals, and by judicious 
selection of the oil and certain chemical additions to the flotation w ater, not only 
complete flotation of practically all the sulphide mmerals is obtamed, but it is also 
possible to produce selective flotation which removes one or more sulphide minerals 
and leaves the other sulphides unfloated A further change m conditions renders 
additional sulphide minerals subject to the flotation action, and they may then be 
removed as separate concentrates 

Summary of Ore -preparation Methods — The common metals which, m the form 
of sulphides, are often associated w ith cassitente and remain as impurities in cassitentc 
concentrates are Pb, Bi, Sb Zn, Cu, and Fe Arsenic m often present in the form of 
arsenides or arsenates of iron or other metals Tungsten, when present, is usually 
m the form of tungstate of lime or other bases 

Mechanical concentration removes the gangue, but usually does not successfufly 
remove the metal sulphides, because the specific gravities of moat of the metal sulphide 
mmerals are not sufficiently different from the specific gravity of cassitente to make 
mechanical separation possible 

Roastmg will remove most of the sulphur and arsenic in the form of snlphuro^ 
and arsemous anhydrides, converting the metals with which they were previously 
combined mto oxides The sulphides of iron, copper, bismuth, and zme 
\erted to oxides by roasting and sulphide of lead is largely converted to ® ® 
After roastmg, the oxides of bismuth, zme, and copper may be removed by leachmg 



TIN 


667 


with dilute acid. Tungsten may be removed by heating with sodium carbonate or 
sodium sulphate followed by leaching with water. Lead, bismuth, antimony, and 
silver may be removed by a chloridizing roast, followed by leaching with acid. Prac- 
tically all the metal-sulphide minerals may be removed by oil flotation. It will, 
therefore, be seen that a suitable selection of one or more of the purification methods 
which have been described will enable the metallurgist to remove most of the metal 
impurities contained in the tin concentrates and thus obviate their reduction with the 
tin in the smelting operation. 

Tin is a high-priced metal, and in comparison with some of the other common 
metals, the production of tin is small. No very large tonnage of tin ore or concentrates 
is smelted at any one tin-smelting plant. 

The tin ores or concentrates arc usually shipped from the mines in sacks and are 
sampled before going to the storage bins or to the treatment or smelting departments. 
It is the usual practice to sample each lot by taking each tenth sack and reducing the 
sample so obtained by coning and quartering or with a mechanical sampler until a 
sample of suitable size for assay is obtained. 

Because the tin is so valuable, the concentrates must be handled carefully to 
prevent loss of dust in sampling, during the transfer to the storage bins, and while 
charging to the roasting and smelting furnaces. 

Smelting. — The tin metallurgist is fortunate in receiving the tin in the form of 
oxide instead of in the form of more complex compounds which might introduce 
metallurgical difficulties. The reduction of tin from its oxide to its metallic form is not 
difficult, as the reduction takes place readily when tin oxide is heated to fairly high 
temperatures in the presence of reducing agents, such as carbon. An excessively 
high temperature is not required to bring about the reduction of the tin to the metallic 
form. The temperature required for smelting is largely determined by the composi- 
tion of the slags which are formed ; for the smelting temperature must be such as to 
produce liquid slags that will permit the reduced tin to settle and collect in the bottom 
of the furnace. 

The smelting of tin offers problems similar to those encountered in the smelting of 
ores of other metals, and the general atateruent might be applied to all reduction 
smelting of this type that the results are always better if the smelting temperature is 
reached as quickly as possible. 

Two distinctly'' different smelting methods are followed, and the two methods make 
use of furnaces of entirely different types. In one method the tin concentrates arc 
smelted in shaft or blast furnaces, and in the other they are smelted in reverberatory 
furnaces. The older method and the one that was in most general use during the 
early life of the tin-smelting industry of the world is shaft- or blast-furnace smelting. 

Reverberatory smelting of tm ores and concentrates did not come into use until 
well along in the eighteenth century and did not reach full development until the 
middle of the nineteenth century, but it is now the most generally used process, 
particularly in the larger smelting plants. 

In tlie smelting of tin ores and concentrates, the end desired is to produce as much 
reduced metal as possible and to make slags of such composition that they will bo 
hquid at the smelting temperature and permit the reduced tin to settle through them. 
It also is desired to produce slags as low in tin as possible, as the principal loss in tin 
smelting is in the tin carried away by the slags. 

Tin smelting does not differ materially from the smelting of ores of other metals, 
except that the reduction is simpler, and, because of the absence of appreciable 
quantities of sulphur, matte usually is not formed. The smelting of tin would appear 
lo he a fairly simple process and, as far as the actual smelting operation is concerned, 
Ihc process is not complicated. The great difficulty in the smelting is introduced 
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by the fact that tin oxide combines readily with silica to form silicates of Im and 
during the smelting of tm concentrates mixed with flux and fuel, a considerable 
amount of tin invanablv combines w ith silica and goes into the slag in the form of 
readily fusible silicates of tin mixed w ith the other more or less complex silicates that 
make up the slag On the other hand, if an extremely basic slag should be used tm 
will act as an acid and again enter the slag 

In smelting ores of lead and copper, it is comparative]} eas} with the production 
of metal matte and slag in the ease of lead smelting or with matte and slag in the 
case of copper smelting to hold practieall} all the lead and copper in the metal or 
matte as the case may be and prevent it from going into the slag In tin smeltmg 
however while a large proportion of the tin is reduced and recovered in the form of 
metal an undul} large amount in\ariabl> fluxes with silica and goes into the 
slag The amount of tin contained m practically all slags from the pnmarj smelting 
of tin concentrates is so extremely high that such slags cannot be discarded but must 
be re treated for their tin contents As it is necessary to rcsmclt the first run slags 
it IS important to use only a small amount of fluxing material m the smelting of tin 
concentrates so as to produce a minimum amount of slag 

The smeltmg of tm therefore embraces three distinct stages the primar} smelting 
of the tm concentrates in a blast furnace or in a reverberator} furnace with the 
proper addition of fluxes and fuel the re-treatment of the first run slags to recover 
the tin they contain and, fmall} , the refining of the reduced metallic tin to remov e the 
metal impurities that are reduced with the tin in the smelting process 

Smelting in the Blast Furnace — Historical records seem to show that tm was first 
recovered b} smelting cassitentc in small, crude hand-operated shaft furnaces that 
required some draft N afiiral draft probably was used m some of the earl} furnaces 
later on forced draft created b} hand-operated blowers was introduced 

Some ver} crude small furnaces arc still m use in the Far East, where fair!} pure 
cassitentc mixed w ith charcoal is fed into small shaft furnaces scientific attempt 
IS made to produce slags of an} particular composition, and the amount of impurities 
in the ore w hich is being treated is so small that fairl} high reduction of metallic tm 
is obtained 

Some of the original shaft furnaces used m the lar Imst vvcrc sirapl} hollow p U 
dug in the ground The blast for such furnaces often was obtained bv means of 
hand bellows Some of the smaller Chinese shaft furnaces consist of bamboo forms 
Imed w ith clay A small Chinese tin smelting furnace operated vv ith a hand blower 
such as 13 still being used m many semtciv ilired portions of the Far East, is shown in 
Fig 5 

^\ith the mtroduction of the tm ores from Cornwall the metallurg} of Im ui 
England received much scientific thought and a large amount of metallurgical still 
was devoted to it The crude furnaces used lu the Far Ea"* soon were replaced by 
larger furnaces and the old familiar blast furnace (know n as the Cornish tm castlfe / 
was developed This was a shaft furnace constructed entirel} of stone o brick and 
in its best form was operated with positiv e blow ers of the Hoots type Charcoal was 
largely used for the fuel during the early development of tin smelting in England hut 
was later replaced b} coke Ihe shafts of these furnaces were fairl} low and the 
furnaces had comparatively small capacit} 

At the present time some modern steel w ater jacketed blast furnaces are in use 
in different parts of the w orld w here tin concentrates are smelted m shaft furnaces 
The blast furnaces have a fairly low shaft and are operated with comparative!} low 
blast pressure \\ith the exception of the low shaft, the furnaces are of the modem 
lead smeltmg t}pe and metal and slag are produced according to regular bias 
furnace smelting practice 
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Blast furnaces for the smelting of tin concentrates are operated with coke fuel 
and are fluxed with limestone, silica, and other materials to produce easily fusible 
slags similar to the slags made in the smelting of the ores of other metals. 

The charging, fluxing, and operation of tin blast furnaces correspond approxi- 
mately to similar operations in the blast-furnace smelting of other metals. The 
principal difference between tin smelting and the smelting of other metals is in the tin 
which the first^run slags contain. 

While the formation of tin silicates as part of the slags is an economic difficulty, it 
does not introduce any metallurgical troubles, as the silicates of tin have low melting 
points and do not hinder the satisfactory operation of the furnaces. Slags made in 
blast furnaces smelting tin concentrates are usually high in tin and may often contain 
10 to 25 per cent tin in ordinary practice. 

A brick-lined settler or forehearth sometimes is used to collect the slag and metallic 
tin as they are tapped from the blast furnace. The slag usually overflows from the 



Fig. 6 . — Small Chinese blast furnace. 


settler into slag pots, which are taken away, and the molten slag is poured into water 
to granulate it, or the slag is removed after it has become solid and is broken up and 
reserved for re-treatment, to recover the tin it contains. 

At intervals tlie reduced metallic tin is tapped from the bottom of the settler and 
is run into cast-iron molds. The pigs or slabs of tin are removed from the molds and 
are taken to the refinery for further treatment to remove the metallic impurities the 
‘in contains. 

Alexanderl4l has proposed a modification of the blast-furnace smelting of tin con- 
centrates in wnich the concentrates are first sintered with 7 to 10 per cent of coal. 
The sintering operation is said to remove 70 per cent of the sulphur and to leave the 
sintered material in the form of a cake that may easilj’’ be broken. Tlie sintered 
material is fed into a blast furnace with coke and, if desired, some slag that must be 
rcsindted for the tin it contains. The claim is made that, by using this process, 
slags low in tin and reduced metal low in impurities are obtained. 

Smelting in Reverb eratories. — The use of reverberatory furnaces for the smelthig 
of tin concentrates dates back to the early part of the eighteenth century, when 
reverberatory tin-smelting furnaces were introduced into Cornwall. From that time 
on they came more and more into favor, until at the present time most of the modern 
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tin smelting phnts in \ariou3 parts of the world use reverberatory furnaces, not only 
for the primary smelting of tin concentrates, but also for re-t resting the firs^run slags 
to remote the tin they contam 

B3 the use of reverb cr a lorj furnaces instead of blast furnaces it is possible to 
mahe somiwhat cleaner slags in the original smelting of tin concentrates as well asm 
the resmelting of fuist run slags and the metallurgical operations are more readily 
controlled Because tin is such a ^aluahlc metal it is important to reduce the dust 
losses as much as possible Rd\ erbcrator> furnaces are particularly suited to the 
smelting of fine tm ores and concentrates os the dust losses in re\ erberatory smelling 
ire much less than in blast furnace smelting 



Fig C — Reverberatory tin smelting furnace 


ITic re\ erberatory furnaces gcneralH used for tin smelting arc constructed of 
firebrick and \arj greatl3 m size the largest of theni ha% mg a hearth about 30 to ■!<} 
ft long and 12 to 15 ft w ide The) usuall} have the firebox at one end of the fumate 
and the flue at the opposite end Long flame bituminous coal usually is used for fuel 
although oil IS an excellent fuel for reverberatory smelting and tcry satisfactory 
results iBa3 be obtained with it n here the cost is not prohibitive 

The larger furnaces w-iU take S to lo tons of charge m each batch The cliarf^ 
consists of tin concentrates with 15 to 20 per cent of anthracite screenings and small 
amounts of sand limestone slag and refiner3 by products The charge is well 
mixed before it is fed to the furnace and the process is a batch operation a complete 
charge being fed to the furnace smelted and the •furnace tapped before a second 
charge is put in The proper temperature for operatmg tin rer erberatory furnaces is 
1200 to ISOO'C The larger furnaces usually require 10 to 12 hr for each charge 
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When smelting tin concentrates, a fairly large amount of tin is allowed to go into 
the slag, because it has been found that such practice tends to produce reduced metal 
containing a minimum ainoimt of impurities and also a minimum amount of hard- 
head. The object is not so much to keep the tin out of the slag as it is to keep the 
impurities out of the reduced tin. 

After a batch is smelted, it is tapped from the furnace through a single taphole, 
and the reduced metal and slag are allowed to run into a large brick-lined settler or 
forehearth. From the settler the slag usually overflows into cast-iron slag pots which 
are mounted on trucks and are drawn away on the slag track as soon as they are filled. 
To remove the slag from the pots the lower ends of bent iron bars sometimes are 
immersed in the slag while it is still molten, and after the slag solidifies it is lifted 
from the pots by means of these bars. 

Slag obtained from the first smelting of tin concentrates contains so much tin that 
it must be resmelted, and after the slag cakes are removed from the pots they are 
broken up and crushed to pass about a M-in. ring. The crushed slag is transferred 
to slag-storage bins, where it is kept until required for slag-smelting charge. Rever- 
beratory-furnace slags, obtained from the first-run smelting of tin concentrates, usually 
contain 10 to 25 per cent of tin. 

The molten metallic tin is tapped from the bottom of the settler and is cast into 
pigs or thin flat slabs, weighing about 75 lb. each. The tin usually is cast in the form 
of slabs, as it has been found that the flat slabs are particularly suitable for charging 
to the refining furnace. 

After the furnace has been tapped, the next charge is introduced immediately 
before the furnace has a chance to cool. Successful smelting requires that the charge 
shall be melted as quickly as possible so as to reduce the tin rapidly, which gives a 
liigh jield of clean tin. The charge is stirred at intervals with iron hoes attached 
to long iron handles which are operated through the side doors of the furnace. The 
stirring should be deep so as to remove any of the unsmelted charge that adheres to 
the bottom of the furnace. As soon as the appearance of the charge indicates that it 
is smelted completely, the charge should be tapped from the furnace. 

Tin-smelting reverberatory furnaces are constructed of firebrick and have a fire- 
brick hearth sloping toward the taphole which usually is placed at about the center 
of one side of the furnace and low enough to drain the furnace completely when the 
taphole is open. 

The roof is of arch construction, and, as in other reverberatory smelting furnaces, 
the roof should be sprung from and supported by heavy continuous steel-beam skew- 
backs, so that damage io the side walls will not endanger the roof, and side-wall 
repairs may be made without affecting the roof. 

The furnaces usually are charged through several charge holes placed at regular 
interv'als down the center of the furnace roof. The charge material often is kept in 
small feed bins located above the charge holes, each bin holding enough material for 
one or more charges, as desired. 

Some of the tin compounds are somewhat volatile at the smelting temperatures, 
and even under the best conditions considerable tin passes out of the furnace in the 
form of fume and dust. Successful smelting operations require the use of dusf^coUect- 
ing equipment in connection with the smelting furnaces. 

Slag Smelting. — Slag produced in the first-run smelting of tin concentrates, in 
cither a blast or reverberatory furnace, as already said, invariablj^ contains so much 
tin that it is necessary to re-treat it before it may be thrown away. First-run tin 
slag is rc-treated in either a blast furnace or a reverberatory furnace of the same 
general type as is used for the smelting of tin concentrates. 
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The cost of BmclUng slag m a blast furnace is probably somewhat Icos than in a 
re-verberatory furnace, but the second nm slag obtsined from a blast furnace usually 
contains more tm thin nmilar slag made in a revcrberatOT) fmnace 

In smeltuig slag the main object is to n duce to the metallic form the tin that is 
contained m the original fir^t run slag in the form of tm silicates Generali} speak 
ing a higher temperature is required for slag smelting than for the smelting of tin 
concentrates because it is more diflicult to reduce tin to the metallic form from the 
silicates of the skg than from the oxide in the concentrates 

A fairly large amount of reducing material is required m the smelting of slags and 
when revcrberitorj furnaces are used, the reducing material usualh is added to the 
charge in the form of anthracite scrcemngs Some limestone usually is addea as a 
fluxing material Sometimes metallic iron m the form of scrap or other rcadir 
obtainable material is added to the slag smelting charge to replace the tin in the 
silicates of the slag and to permit the reduction of the tin to the metallic form Lime 
sometimes is depended on to react w ith the tin silicates to bring about the same 
result Metallic tin produced in the smcltmg of slags usuall} is impure and generally 
contains a large amount of iron m the form of hard head tin iron alio} 

fhe remoaal of tm from the first-run slag is one of the most difficult operations 
the tin metallurgist encounters and successful slag smelting requires great care and 
expert control Unless the slag-smelting operations are carefully conducted, the 
second run stags w lU be high in tm 

In the best practice, the slag lesuUing from the slag smelting should not contain 
more than 1 per cent of tin but sci ond nm slags often contain more than 1 per cent 
of tm, and not mfrequeutl} slags containing 3 per cent or more are discarded 

General!} speaking the metallic tm produced in the smelting of slag and aJ'iO the 
mctaUic tm produced in the pnm ir} smeltmg of tin concentrates require some refining 
before they are ready for the market 

Some of the richer slags from the first smeltmg of tm concentrates, and also 
by-products from the refiner} and from slag smeltmg, are returned to the tm con 
centrate smeltmg furnace and are added to an original tm concentrate smcllmg charge 
WTieu reverberatory furnaces aie used 16 to 18 hr is required for smeltuig a shg 
charge Slag smcltmg m rci erheratory furnaces is a batch process, the same as tin 
concentrate smelting an entire charge being smelted and tipped from the furnafc 
before the next charge is put m Reduced metal and slag are handled m settlers and 
slag pots m a manner similar to the handling of such materials from a tm-concentrate 
smelt The slag is rcmoicd from the pots and is broken up and thrown awa}, or is 
poured oxer the dump whde still molten 

Refining — Most of the reduced tm obtained m the smeltmg of tin concentrates 
or slag must be refined before it is read} for the market The tin obtained from the 
first smelling operation contains many mctalhc impurities that were reduced with the 
tm and are alloyed with it The kind and the amount of impurities the tin contains 
depend largel} on the metal impurities m the original tm concentrates and for that 
reason the tm obtained from the smelting of some tm ores requires much more 
refining than does the tm from other ores 

Two methods of refining tm lia\e been used extensii ely and 8ucce«sfujl} la the 
first of these methods the tm is refined by heatrtreatmeat, and in the second b> 
electrol}rtic treatment 

The heat treatment method is tlie one generally used m i arious parts of the w orld 
and, although man} modifications ha\ e been adopted m different place** tm is refiaed 
in substantially the same manner in the different localities 

The refining maj consist of one or both of two operations the first is liquatmg oj 
sweating and the second, boiling tossing or polmg WTiere both liquatmg 
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boiling are necessary, the tin always is liquated first and is then subjected to the 
boiling treatment. Liquating is done in a comparatively small sloping-hearth rever- 
beratory furnace built with the firebox at one end and the flue at the other. The 
hearth usually slopes to one side toward a large door or taphole, which discharges 
continuously into cither one or two outside cast-iron kettles. 

The object of liquation is to remove from the tm all metallic impurities, alloys, 
and compounds that have melting points appreciably higher than the melting point 
of tin, and by this process the tm is separated from the metallic impurities b}'’ liquating 
or sweating it at a temperature just slightly above its melting point. 

The bars, pigs, or slabs of tin to be refined are placed on the upper side of the 
liquating-furnaee hearth. The furnace is kept at a temperature just slightly above 
the melting point of tin, a slow fire being used for this purpose Long-flame bitumi- 
nous coal is used for fuel, and the temperature is carefully'' regulated. 



Fig. 7, — Liquating furnace with refining kettle. 


The bars or slabs of tin aie piled on each other with spaces between them, and the 
tin soon begins to melt and run down. The melting is slow, as the success of the 
operation depends on careful regulation of the temperature so as not to melt 
the metallic impurities that are present in the form of alloys and compounds asso- 
ciated with the tin. 

The clean tin runs from the furnace into one of the outside kettles, leaving the 
residue on the hearth. After the metal that melts at a low tempeiature has been 
sweated out, the dross remaining in the furnace is pushed toward the fire and the 
temperature is raised until all possible metal has been removed. This second sweated 
metal is caught in the other kettle, as it is so impure that it should not be mixed with 
the metal obtained from the first sweat. The second metal is cast into pigs or slabs 
and is resweated with the next charge. 

After the second metal has been sweated from the dross, the temperature is again 
raised and the dross is thoroughly roasted. The final roasted residue is resmeltcd 
'"ith an original tin-concentrate charge in the tin-concentrate smelting furnace. 

Many impurities are removed in the liquating furnace, but some of them which 
have comparatively low melting points are sweated out with the first sweat metal. 
Most of the iron is removed in the liquating furnace as it remains with the dross, but 
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a small amount goes into the sweated tm Most of the lead and bismuth also 
go mlo the tm hluch of the arsenic antimony, and copper remain with the dross 
The first sweat tm that collects in the cast-iron kettle outside the liquating furnace 
usually 13 boiled or tossed to complete the refining Ihc kettle holds 6 to 10 tons of 
met^ and usually is separately heated by a coal fire underneath it The metal ui the 
kettle IS heated to a temperature considerably above its melting pomt, and the boiling 
operation is earned on by stirring the molten metal with a pole of green wood or by 
immersing m it a bundle ol green w ood sticks held together by iron bands At the 
high temperature of the metal the green wood undergoes destructive distillation and 
the steam and gases resulting from the distillation of the wood are given off beneath 



Fio 9 — Sectional plan of tm reverberatory 


the surface of the metal and produce a strong boilmg or bubbling action m the bath 
(ef Copper Poling page 253) In this way the different portions of the metal bath are 
brought to the surface and exposed to the air Some of the metal impurities and part 
of the tm are ovidired, and the oxide drosses collect on the surface and are sLunined oS 
from tune to time These drosses are resweated or are smelted with an original tin 
concentrate smelting charge m the same way as the residues from the bquatmgfur 
nace In some of the more modern refineries, the boilmg la done bj agitating the 
molten metal with compressed air mstead of gteen-wood aticka 

The boilmg operation is carried on until the desired grade of refined metal is 
obtained If the tin contains fairly large amounts of impurities, the boilmg sometimes 
la continued for many hours The metal must not be heated to an excessively high 
temperature, as boilmg at a high temperature causes a large amount of the tin to 
become oxidized 
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Tossing consists in filling hand ladles with the molten tin and pouring the molten 
metal back into the kettle, thus exposing it to the oxidizing action of the air. Tossing 
produces oxidized drosses similar to the drosses that form in the boiling operation. 
Boiling is the method usually used; both tossing and boiling are hardly ever employed 
at the same refinery. 

Iron is removed almost completely by the boiling operation, and other impurities, 
principally arsenic and antimony, are greatly reduced in amount. 

After the refining has been completed and the dross has been skimmed from the 
kettle, the surface of the metal will have a clean bright appearance, and the tin is then 
removed, usually by hand ladles, and is cast into pigs ready for the market. Great 
care is exercised in casting the pigs so as to give a fine appearance to the metal. Tin 
tends to oxidize on the surface while in the molten condition, and for that reason the 
metal is poured at a temperature just slightlj^ above its melting point. The metal is 
poured into cast-iron molds, which are filled quickly and arc skimmed lightly on the 
surface with a wooden paddle just before the metal solidifies. 

Electrolytic Refining of Tin. — This process has been used successfully at one 
refinery in the United States, but, because of economic conditions previously dis- 
cussed in this book, tin smelting and refining in the United States were abandoned in 
1923, and since the closing of this American electrolytic-tin refinery, the electrolytic- 
refining process no longer has been used to any extent for the treatment of tin from 
primary ores. 

As in the electrolytic refining of other metals, many impurities originally contained 
in the tin are removed by this process, and very pure tin is produced. Because of 
the possibility of removing the metallic impurities from the tin, it is not so essential, 
when electrolytic refining is to follow the smelting operation, to remove the other 
metal minerals from the tin concentrates before smelting. The refining is carried 
on in the usual way in electrolytic cells, tin being deposited on the cathode and minor 
amounts of other metals being recovered in the form of anode slime by-products. 
The patents state that, as originall 3 ^ developed, the elcctroljTic tin-refining process 
made use of an electrolj’^te of hj^drofluosilicic acid containing sufficient sulphuric acid 
to combine with the lead present to form lead sulphate. In the later modification of 
the elec trolj^ tic-refining process, the electrolyte consisted of hydrofluosilicic acid 
containing some sulphuric acid, a small amount of cresjdic acid, and glue. The 
hydrofluosilicic acid used was of about 15 per cent strength and had about 4 per cent 
of tin dissolved in it. 

Vail [5] states that, at the American refinery where this process was used, the 
refining was done in 68 tanks similar in size and construction to those used for copper 
refining. The tanks were of wooden construction and were lined with asphaltic 
material. Hard-rubber fittings were used for the pipe lines which carried the electro- 
lyte. Each tank contained about 11,000 lb. of tin anodes, and the cathode starting 
sheets were of tin 3^ in. thick. The current density was about 12 amp. per sq. ft., 
and the deposition per ampere-hour was about double that of copper. Vail also 
states that, before being cast into anodes, the tin obtained from the smelting of tin 
concentrates was first subjected to refining bj^ liquating and boiling. A general 
description of the process is given in the patent specifications[6]. 

Methods of Assay and Analysis. — There are two general methods in use for 
determining the amount of tin in ores and other products: the fire assay and the 
volumetric wet analj'sis. 

The fire assaj' for tin usually’' is conducted in the following manner: Grind slightly 
more than 5 g. of the sample until it will pass through a 100-mesh screen. Dry at 
lOO^C. and cool; weigh out exaeth" 5 g. into an S-oz. wide-mouthed flask. Add 
100 cc. hydrochloric acid (concentrated), and digest at a low heat until the volume is 
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reduced to about 15 ec Add 50 cc nitric and (concentrated), and continue the 
evaporation to a volume of 10 to 15 cc Add about 200 cc of water, boil, and allow 
to stand Filter on double filter papers containing paper pulp, washing with warm 
water just acid with nitric acid If tungsten is present, treat with ammonia (con 
centrateci) and again filter and wash with water Transfer the precipitate to a 
porcelain crucible and ignite Brush the contents of the crucible onto a clean sheet 
of glazed paper break up lumps w ith a spatula, mix thoroughly with 20 g of sodium 
cyanide (free from chlorides), and transfer to a 20-g claj crucible in w hich has been 
placed 4 or 5 g of sodium c> amde Cover w ith sodium evamde, fuse m a muffie 
furnace at a red heat for 20 to 25 nun , cool wash with water, break the crucible to 
obtain the button clean the button and soak m hot water to remove adhering rjanide 
Dry and weigh Run m duplicate Duplicates should agree w ithm 0 15 per cent 

The volumetric determination of tin is verj useful and is applicable to nearlj all 
kinds of ores, metallurgical products, and other materials containing tm A number 
of volumetric methods have been proposed, the best of w hich depends on the titration 
of stannous chloride with standard lodmc m cold hj drochloric acid solution This is 
called the Pearce-Low method [7], and is one of the simplest, shortest, and most 
accurate for the volumetric estimation of tin It depends on the oxidation of stannous 
to stannic chloride by iodine m cold hydrochloric acid solution according to tb» 
equation 

SnCl, + 2HCT -b Ii -= SnClt + 2Hf 

Starch solution is used as indicator A small amount of sulphuric acid is not 
objectionable but nitric acid and mtrates must not be present 

The method requires that the tm shall be brought into solution m hydrochlonc 
acid WTien possible, the finely ground sample is dissolved directly in hydrochloric 
acid in some cases the addition of a small quantity of potassium chlorate, antimony 
chloride or platmic chloride, or the presence of a piece of platinum foil, accelerates 
solution In the anal y sis of materials containing sulphides or certam alloy 8 a mixture 
of hydrochloric and nitric acids may be U‘>cd, followed by treatment w ith sulphuric acid 
and then with hydrochlonc acid Siliceous products frequently respond to treatment 
with hydrofluoric acid 

For the decomposition of insoluble silicates, fusion with alkali carbonates is 
■efiective Practically all silicates are decomposed by this process, but it la not suit- 
able for use with samples contammg msoluble tm oxide, and if sulphides or salts of 
tm soluble m acids are present they should be removed before the fusion process is 
applied The addition of 10 per cent of borax to the alkali carbonate accelerates the 
decomposition m some mstances 

Acid insoluble residues may be decomposed by fusion w ith sodium or potassium 
hydroxide the melt being subsequently dissolved in hydrochloric acid This method 
IS perhaps the most useful of the fusion processes, smee it is appbcable to almost all 
products and generally requires only a very simple prelunmary acid treatment An 
iron crucible is the most suitable for use with this process 

Sodium peroxide also may be used for the fusion process, but it corrodes the 
crucibles very rapidly, and generally its disadvantages more than offset the extra 
speed gained by its use The addition of organic matter to the peroxide, to furm«h 
the necessary heat for the reaction, has been suggested as a means of preventmg the 
corrosion Quieter fusion results if zme sulphide, iron sulphide, or potassium per 
sulphate is added to the peroxide 

In the final hydrochloric acid solution, the tin usually will be found m the stannic 
condition and must be reduced to the stannous condition before titration This 
reduction usually is accomplished m one of four ways by the use of iron m the form of 
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rods, nickel or aluminum in the form of sheets or strips, or finely powdered antimony. 
Only pure soft iron may be used. If carbon is present in the iron, it generally will 
cause high results. 

The use of aluminum renders this part of the method somewhat imcertain and 
makes it difiicult to control the operation. The principal objection to the use of 
antimony is that the presence of so much finely powdered material in the solution 
obscures the end point. The only objection to nickel is the light-green color given 
the solution, but this does not affect the sensitiveness of the end point if the concen- 
tration of nickel salts is only that derived from the metal used for the reduction. 

The reduction and the titration arc best performed in an atmosphere of carbon 
dioxide and in a solution containing not less than 25 per cent nor more than 40 per 
cent by volume of free concentrated hydrochloric acid. The temperature of the 
solution to be titrated should not exceed 22° C. 

One-half to 2 g. of the sample (depending on the percentage of tin) is first brought 
into hydrochloric acid solution. The solution is transferred to a 12-oz. wide-mouthed 
conical flask, enough concentrated hydrochloric acid is added to make a total of 50 
cc. of free concentrated hydrochloric acid present, and the solution is diluted to 200 cc. 
with water. A nickel coil is prepared by rolling 6 sq. in. of heavy sheet nickel (4 in. 
Idng and in. wide) into a loose roll of such size that it may easily be inserted into 
the flask. A narrow strip of nickel is left attached to one side of the coil, long enough 
to reach above the top of the flask. This coil is placed in the flask containing the tin 
solution, the nickel strip is bent over the edge, and the flask is covered with a small 
watch glass. The solution is heated to boiling, and gentle ebullition is maintained for 
30 min. after all the iron which is present is reduced. The reduction of the iron is 
indicated by the yellow color of the solution changing to a pale green. Thirty minutes 
is more time than is necessary’- for the complete reduction of the stannic chloride from 
0.5 g. of tin oxide, and if complete reduction does not result in that length of time 
either the nickel is too small or the nickel is inactive, due to impurities, and should be 
discarded and replaced by pure nickel. 

It has been stated, as an objection to this method, that it is impossible to tell when 
the reduction of the tin is complete and that tllb operator may titrate the solution 
before the tin is all in the lower form. It has been found that larger amounts of tin 
than would ever be taken as a sample are entirely reduced long before the expiration 
of the time allowed for the reduction, and no trouble need be anticipated from this 
cause. 

The solution in the flask is cooled in an atmosphere of carbon dioxide generated 
b}’' adding two )^-in. cubes of crystalline marble to the solution. The nickel coil is 
then removed and is washed with cold hydrochloric acid solution (1 part of concen- 
trated acid to 3 parts of water) as it is vdthdrawn from the flask. A small amount of 
starch solution is then added and the solution titrated at once with standard 
iodine. 

The standard iodine solution most convenient for this titration is prepared by 
dissolving 10.7 g. of iodine in 50 cc. of water containing 20 g. of potassium iodide in 
solution and making up to 11. with water. When a sample is taken for analysis, 

1 cc. of this solution will equal 1 per cent of tin. It may be standardized against tin 
or ursenioiis oxide. 

Few of the elements that are ordinarily’- foimd in materials to be analyzed for tin 
interfere with this method. Ni, Co, Mn, Mo, U, Cr, Al, Zn, Pb, Ca, Mg, sulphates, 
phosphates, bromides, iodides, and fluorides have no effect unless present in such 
k^rge amount that their color masks that of the indicator. Arsenious and antimoni- 
nus compounds in weak acid solution consume iodine, but in a hydrochloric acid 
solution of the strength used in this method they have no effect. 
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If about 0 1 g or more of antimony is present in the solution, the nickel coil «il] 
precipitate metallic antimony in a -verj slimy condition nluch does not settle and 
obscures the end pomt This maj be pre\ ented bj using a solution contammg more 
hydrochloric acid If, therefore, the sample taken contains 0 1 g or more of antimony , 
the solution IS made up to contain 75 ce of free concentrated hj drochlonc acid instead 
of 50 in 200 cc of Aolume, before reduction If this is done, the precipitation of 
slimy antimony m ill be prevented and no trouble w ill be expcnenccd If the antimony 
content is not know n and the slimj antimony begins to precipitate during the reduc 
tion, an additional 25 cc of concentrated hj drochlonc acid may be added which 
generallj Will cause the antimony to dissolve and prevent further precipitation If 
the precipitated antimony does not dissolve another sample can be treated, ading 
more h> drochlonc acid before reiliiction 

Copper in small amounts has no effect on the method, but if 0 05 g or more b 
present in the solution it will be precipitated incompletely during the reduction the 
titration vnll consume more iodine than is required by the tin, cuprous iodide will be 
precipitated, and the results will be erratic and high 

If copper IS pre'<ent m the sample m large enough amount to interfere, it roust first 
be removed by treatment w ith mine acid 

Bismuth IS precipitated m the metallic form durmg the reduction with nickel 
In this form it is said to consume iodine slowlj, hut the action is slight, and unless 
present in large amount its effect is negligible If it is desired to remove it the 
metallic precipitate may be filtered and the filtrate again reduced and finished as usual 
Tungsten is reduced bj the nicktl coil to a low er state of oxidation, w ith the forma 
tion of a blue precipitate said to be MiO*. This is said to be oxidized elowl) bv 
lodme, thus giving high results, but the oxidation is not proportional to the amount 
of tungsten present Tungsten m amounts usuallj met vrith docs not interfere to 
any extent, and its effect is noticeable only w hen it w present m large quantitj In 
case it should be desirable to separate the tungsten, the blue oxide may be filtered off 
with the precipitated bismuth, the solution aftenvards being again reduced and 
titrated 

Titamc chloride is reduced to titj^nous chloride bj the nickel coU In the Pearce- 
Low method titanium alone or with iron is said to consume no lodme, but m the 
presence of tm large amounts of titanium will consume iodine, givung high results. 
The error caused by titanium seems to be approximately a constant one and is mde- 
pendent of the amount of titamum present Titanium may best be removed by 
convertmg the tm to msoluble oxide by evaporation w ith nitric acid and then fusing 
for 5 mm w ith potassium bisulphate The melt is dissolved in water and sulphuric 
acid and filtered 

If titanium and tungsten are both present, the tungsten will remam with the tm 
after filtering the extracted melt of the bisulphate fusion The tungsten may be 
removed from the residue by heatmg with ammomum carbonate solution, m which the 
tm 13 m<mluble 

Bismuth, tungsten, or titanium, in any reasonable amount, such as is ususlh 
met w ith, do not mterfere w ith the method, and they may, in general, be neglected 
especially if the titration is performed rapidly .which, to a large e.xtent, will elumnste 
secondary reactions The mterfeience of all these metals is greatly increased by very 
slow and careful titration which seems to accelerate their action and give them time 
seriously to affect the results This is especially true of titanium, for bismuth sad 
timgsten are not so active and, as a rule, need not be considered 

Ferrous chloride is oxidized only by excess of iodine, and no action takes 
unless a very large amount of lodme is run m and allowed to stand Its action is v^ 
slow even then, and the presence of iron does not affect the accuracy of this metho" 
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A tin determination may be run. through and results obtained by this method in 
about 13^ lir., and the method is accurate to about 0.1 per cent. 
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CHAPTER XXV 

MINOR AND RARE METALS 
Bv Donald M Liddlll 

Be <4L Ct (72) Cc (5S) Cb (41), Dj (6G) I r (CS) I u (03) C.d (W), Ga (31) '"<■ 
(32), lU (72), Bo (67) Iw (40) La (57) I u (71), Ma (43) Mo (42), \d (GO), Pr ('(o 
Rb (37), Rc (75), Sm (62), Sc (ZD, Sc (31) Ta (73) Tc (52), Tb (Oo), 11 (81) Th 
(90), Tro (69) Ti (22), "Pb (70) 1 (39) Zr (40) (The fiRures in parcntbcscsarcthc 
atomic numbers fhe true rare-earth metals have the 15 atomic numbers from 57 tr 
71 In these elements the four quantum shell expands from 18 to 32 uilhout 
change in the outer shells 6 and 6 The fact that there is onB thi- slight progressne 
difference in molecular structure is what makes their properties so similar and their 
eeparation so diRicult ) 

General Considerabons — 3 ho final separation of the rare earths usually depends 
on repeated fractional crjstalhzations or precipitations and leachmgs Thesepara 
tions are not clear cut and the spectroscope is the final mcthorl of teat for punt) 
The work with the rare metals and eartlis therefore requires an immense amount of 
time and patience 

One general separation of the entire group depends on the fact that when tartan* 
aevd, ammonia, and ammonium sulphide art added to the filtrate from the HiS group 
Fc, Zn, Co, Cr, Ni V, Al and Mn will be precipitated (the last two not quite com 
pletely) and m the solution will remain B , Ti, Zr, Th, Be, Ca, Mg, Ba, R, bi, trarca 
of Al and Mn and the rare earths ^ 

From this solution, precipitation with oxalates m acid solution, re-solulion, and 
reprecipitation w ill give only the rare earths m the final residue 

Hopkms giv es the follow mg general procedure * The ore is ground to a fine powder 
and extracted with acid or fused The acid is usually BCl or BiBOi, although HF is 
sometimes emplojed The fusion mixture may be HKSOj, BaOH, or IIKFi The 
use of the fluorides is usually limited to mmerals contaming columbium and tan 
talum, since the fluorides of these compounds are soluble and hence can be -leparated 
from the msoluble fluorides of the rare earths, w hich can then be decomposed with 
H,S04 

The solution is saturated w ith hj drogen sulphide to throw out the copper tin group 
and the rare earths then thrown down with oxalic acid Both solutions should e 
boding and the oxalic acid added slowlj 

Thorium and zirconium can be remo% ed by boiling the crude oxalates with ammo- 
nium oxalate, n hich dissoh es all the zirconium and most of the thorium Thorium 
may be completely removed by repeated treatments w ith ammoruum oxalate or J 
precipitation from a neutral or slightly acid solution with HiOj 

Columbium and tantalum, if present, are also removed bj this means 

The rare-earth oxalates remaining after extraction of tho Cb, Ta, Zr, and 
then separated into the cerium group earths and the j ttnum group earths Jsm 
method 13 as follow s Mix the dried oxalates w ith enough sulphuric acid to form » 
thick paste, then ignite cautiously Dissoh e the anhj drous sulphates m we water an 

I Jour Chtvt Soe \ oL 119 I92T 

* Chenastiy ol the Bam EWnwnte p 98 

vSO 
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sift in solid sodium sulphate. The order of precipitation is, approximately, Sc, La, 
Ce, Pr, Nd, Sm (the cerium group, sulphates difficulty soluble); Eu, Gd, Tb (terbium 
group, sulphates slightly soluble); Yt, Dy, Ho, Er, Tm, Yb, Lu (yttrium group, double 
sulphates very soluble). The separation is not exact, and the jd-trium group will 
begin to come down before all the cerium group is precipitated. Consequently, to 
obtain the cerium group free from the yttrium group, much of the former must be left 
in solution. To obtain the yttrium group free from cerium, enough alkali sulphate 


Double niiroics of 
La,Ce,QnclPnBoil 
w.KBrO^ancJCaCOj 

Basic Soln.uponevapn. 

' ' ■ 


Oldies modicinio double Mq nHratCt QQ) 

y ^ 


Cenrtra^G govBdoubbnitratw 
of Laanct Pr Converi?d 
double 

ammonium mirafes 


T 

Crude double 
nilrafe of Nd . 
Continue cry sf.f 

NdMynitrate 


Mother ht^uorppf. as owMes Nd,Sm^u,GdJr,Yt, 

Er,Tm7f ban db u. Ignited fo oxides and recon verfed into 
double M 3 nitrates Bi Mg nitrate cry stthroughmostsof end. 


SmMg 

nit rare 


— T 

Eu Mg 
nitrate 


Double nitrates 
of Gd,Tr,Dg arid 
Ho Convert into 
bromates 


Soln pptd w.oxalic 
ocidGd.TnDumYi, 
Er,Tm,YbandLu. 
Con vert j n to brema te s. 


LaN14 

nitrate 


PrNH^. 

nitrate 


t + 

Gd Tr 

bromate bromafe 


bromate 


r 


Gd,Tr,Du,Ho Dy.Ho.Yt 
broruates bromates 


Bromates ofGd,Tr,Dy,Eo,Yt,Er,Tm^Yb,andEu 
fractionally Crystallized 


CrudeYt 

bromate. 
Boil nitrate 
w.NaN0> 


Yi aJdEr 
bromates. 
Boll nitrate 
w.NaN02 


Er, TmYh,Lu 
bromates 


Hg,Yl,Er 

basic nitrites 


Filtratespptd. 
by oxalic acid, 
it oxalate 


ErondYt 
basic nitrates 


(a) Least sohbhporfwn, Tormina whiie or 
greenish crys fafs censisf/ng ofianfhanumj 
c enum and praseodymium magnesium nifrn fes 
ioy ether mfh traces of the neodymium compound^ 

More soluble crystals, colored deep amethyst, being 
/argely composed of neodymium magnesium nitrate w/fh traces 
of me double nitrates of magnesium wifbsamarium^praseodymium, cenum and lanthanum* 
Oxides from mother liquors containing neodymium^ samariumj earcpfum,gadolihium, 
'hTbwm^dysprosivm^ holmivm^i/ttrivmprbwm/huh'vm^ ytterbium and iuiebhm* 

Pig. 1. — plow sheet of precipitating rare earths. 


must be added to precipitate a considerable amount of the yttrium group. If the 
purification of any members of llie yttrium group is purposed, it is best to add alkali 
sulphate until the neodymium absorption lines can no longer be seen. 

Cerium itself may be removed by the treatment of a neutral solution with potas- 
sium bromate and a few small pieces of limestone. The cerous salts are oxidized to 
ceric and come down as a basic precipitate. 

The eerium-carth double sulphates can be reduced by fusion with charcoal and will 
then go into solution with liydrochloric acid. 

C'erium can also be removed by the James bromate method.^ In this some small 
pcecs of lime are added to the nitrate solution, to keep it neutral, and then KBrOs 
is added and the solution boiled. The cerium is oxidized to the quadrivalent condition 
and prcci])itules as a basic salt. 

If the erxide o.valates from the mineral contain less than 20 per cent of the yttrium 
group, it is well to begin fractional crystallization of the nitrates at once. When the 

* JAMrs aiul 1*R\TT, /our. .4jn. Chtm* Soc,, Vol. 33, p. 1320, 
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yttnum rfcmenta in the soluble end of the ecrica become abundant enough to interfere 
■with the crystallization of the oenujn group, then the cenum group should be sepa 
rated with sodium sulphate 

Except for these feu general methods, the separations are long-continued fractional 
crystallizations or precipitations Xlrbain and cUbach Bometimes made thousands 
of crystallizations in the effort to diHercntiatc tw o of these rare earths The proce^ 
of fractional crj stalhzation is very u ell described by Dr Doerner under Itadium (see 
page 645) A table of comparative solubilities appears below, and James and Pratt a 
scheme appears on page 681 * 

In the more soluble end of the crjstallizatioiis it maj be necessarj at some tune to 
throw down the rare earths as oxalates to get nd of accumulated iron and alumina 


CoMPAJtxTiir SonmiLmrs 
(The solubihtj inerea'^cs from top to bottom ) 
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< Solubility about twice the Sra salt. 

* Tho double dimethyl phosphates are much leas soluble at 80 or flO*C than al 15 to ZIVC 


The preparation of the double magnesium nitrates, which are xeiy useful m frac- 
tional crystallizations is carried on as foUotis The rare-earth oxides are dissolred m 
nitric acid, having a sbght excess of the oxides present, and then the solution is reduced 
(chiefly ceno to cerous salts) by means of a little of the ongmal oxalates from, which 
the oxides were derived A quantity of nitric acid equal to that in ubich the oxides 
were dissolved is then neutralized with chemically pure magnesium oxide and the 
rare-earth and the magnesium solutions are then fUtered and added together 

Basic nitrates can be made in two waj^s The first method consists m com ertmg 
oxalates into oxides, thence to nitrates, recovering the nitrate as a sohd salt, and fu^S 
until decomposition sets m In dissolving the resultant mass with water the solubuity 
runs Yt, Eu, Gd, Sa, Tb, Ho, the holmium salts bemg least soluble 
1 Bepnated from Am Chtm Soc 191$ p 43 
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The second method consists in adding hot caustic soda little by little to a boiling 
solution of the nitrates. 

In general, cr 3 ’’stallization should be carried on by two methods used alternately, 
one of which tends to concentrate the impurities in the crystals and the other in the 
mother liquors. 

Aldebaranium, cassiopeium, denebium, dubhiura, and neothulium were the 
names given to elements that Auer von Welsbach separated from erbium, Avhich 
he regarded as of complex nature, and from thulium. Later investigators have 
not confirmed his findings.^ 

Beryllium. — For the extraction of beryllium from beryl, H. Copaux suggests 
the following:- Heat the mineral with two parts of Na 2 SiF 6 , forming NasAlFe and 
Ka 2 BeF 4 . Crushing followed by lixiviation removes most of the Be with a little Al. 
BeO, AI 2 O 5 , and SiOj are then thrown down with boiling NaOH, dissolved in H 2 SO 4 , 
and pure BCSO 4 . 4 H 2 O crystallized out. Cb and Ta interfere and must be removed 
as oxalates. (See page 67 also.) 

The separation of beryllium from the other iron-group metals can also be carried 
out by fusing with sodium carbonate. AI 2 O 3 and Cr^Os form soluble compounds that 
can be leached out. FcaOj, TiOz, 2r02, and BeO stay behind. A fusion with HKSO 4 
then separates the iron and beryllium. While recommended for large-scale use it 
seems a laboratory method. 

The preparation of berjdlium from gadolinite is thus described by James. ^ The 
finely powdered mineral is treated with hot H 2 SO 4 to dense fumes. The solution is 
allowed to settle, is decanted, and hot oxalic acid solution added. After filtering off 
the rare-earth oxalates, KBrOj is added to oxidize the oxalic acid, and iron and beryl- 
lium precipitated together by adding a little ammonia, then sodium hydroxide, until 
the odor of ammonia is noticed. Filter. Enough hydrochloric or sulphuric acid is 
then added to dissolve about two-thirds of the precipitate, and sodium hydrate slowly 
added until the iron is almost down (as showm by testing a clear portion of the solution) 
and the solution filtered. The remainder of the iron is then treated with hypobromitc 
solution at boiling, and precipitated with sodium hydroxide until ammonia gives a 
white hydroxide precipitate with it. The last trace of iron is then thrown out with 
sodium -hydrogen sulphide and filtered off. (These last two residues contain beryl- 
lium and are worked up with the next lots of mineral.) The beryllium is then 
thrown down as basic carbonate by adding a concentrated solution of sodium car- 
bonate to the solution. The hydrogen sulphide must be boiled out before this 
precipitation. 

Beryllium lias been obtained as metal by reduction of the cliloride by sodium and 
potassium, in an atmosphere of hydrogen. Another process is to heat ber^dliiun 
potassium fluoride with sodium. It has been obtained in lustrous hexagonal crystals 
by electrolyzing the double fluoride of beryllium and sodium or potassium with an 
excess of beryllium fluoride. A more recent process electrolyzes a fused bath of 
sodium and beryllium fluorides ^\ith an output of compact metallic beryllium. The 
metal is 99.G per cent pure. 

It has a silvery luster and when cold flattens easily under the hammer. The 
specific grandly is 1.79 and the melting point 1385^0. The metal is insoluble in cold 
concentrated nitric acid. Its specific heat is 0.4070. 

About 0.5 per cent of beryllium is added to the thorium-cerium solution used in 
incandescent gas mantles to give body to the mantle. 

Cassiopeium. — Sec Aldebaranium. 


» Sitih. IPufj, (Mcnna), Vol. 2, a, p. 124; Jour. Chtm. Soc„ Vol. 110 (II), p. 277. 

» Chitn. TnJ., Vol. 2, p. 914, 1919. 

* J’our, ^Im. Chtm, Vol. 38, p. S75. 
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Celtium (Cl) —Deported by G Urbam m 191 1 as allied to lutecium and scandium 
In properties it lies betw ecn them ^ ow know n as hafnium (7 e ) 

Cenom — Lxeept for the pjrophorio allo>8 and cerium steels (these showuig 
no great advantage o\ cr cheaper alloys), this metal has no metallurgical applications 
There is a steady economic pressure from thousands of tons of accumulated residues 
in the gis mantle industry, but no absorption into the arts 1t\Tiile this is due to its 
price tins could not be permanently lowered because of a true scarcity of cenum in 
the earth s crust, and any considerable use v, ould immediately reduce supplies to the 
vanishing point 

Lanthanum, praseodymium, neodymium, and samarium arc the related elements 
MelvHic cerium cannot be obtained by electrolysis of the fused salts, except in 
finch divided condition I sea rip recommends eJcctrolyzmg a mixture of 3 parts 
Bath, 3 parts CaFj 8 parts Ca( ], and 10 parts CcCl<, heating the mixture m an 
electric furnace and using an iron crucible as cathode CcCL is added as the reaction 
proceeds At 200 amp and 15 v olts he eaj s a product results containing 98 per cent 
cenum 1 per cent iron, and traces of oxide and carbide The metal can be purified 
by amalgamation and distillation of the inerciir) It has a density of 6 78 and a 
melting point of 775‘’C It is only glouly allecled by cold water, but rapidly by hot 
water, with the evolution of hydrogen It burns when heated to 1C0*C The pyro- 
phoric alloys cerium magnesium and cerium aluminum can be obtained by gunul 
taneous electroly bis of the mixed salts Cenum iron may be obtained m the absence 
of air bv beating the elements m an electric furnace m a graphite crucible at red heat 
— cenum 70 per cent iron 30 per cent, is the common alloy 

Metallic cenum cannot be obtameil by reduction of the oxide by carbon, as a 
carbide forms even m the presence of an excess of the oxide, m w hich case CcCi 2CeOi 
IS formed Formation of the carbide may be prevented by adding CuO, copper- 
cerium alloy 3 being formed 

The initial separation of the metal from raonazite sand is by dissolving the sand 
m sulphuric acid and adding H^aSO, to throw down double sulphates of cenmn 
group metals and sodium * It can also bo separated as a phosphate as follows 
Monazite sand is treated with Concentrated aulphiiric acid and carried to fumes 
The soluble salts are then extracted with cold water If the extract carries less than 
5 8 per cent of Cej(SO,), the sulphuric acid should be brought up to 12 per cent If 
the cerium sulphate runs between 5 S and 1 1 5 per cent, the free sulphunc acid should 
be brought up to 20 per cent if there 13 over llj^ per cent of Cei(SOi)i, the free 
sulphuric acid should be brought up to 25 per cent The solution is then oxidized for 
8 hr , usmg a platmum gauze or a peroxidiied lead anode and a platmiim cathode 
The cathode current should be 1 2 amp per sq dm , the anode current densitj should 
be I amp per sq dm By diluting to 10 per cent sulphuric acid in the presence of 
phosphoric acid, about 99 per cent of the cerium is precipitated 

Metafile cerium can be precipitated by the electrolysis of a fused of 22 

per cent sodium chloride, 15 per cent potassium chloride, and 63 per cent cerous 
chlonde 

In the formation of cenum carbide in the electric furnace the process seems to be 
a three-stage affair 

2CeO, -h C « Ce,0, + CO 
CiO, -f- 9C » 2CcC, 4- SCO 

and the CeC, then breaks dow n wto CeCj and graphite, so that it seems unpossible to 
prepare CeC» without graphite » 

‘/nd eitBi Vol 5 p 183 

•U S p»Knt 1379257 W S Chaw 

’Damisns a Ann Vot 10 p 330 
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Sebacic acid in boiling aqueous solution precipitates thorium quantitatively, but 
not cerium or lanthanum. By the addition of bromine water in excess to a suspension 
of the cerium earths in alkaline solution, followed by heating at 100°C. until the excess 
bromine is expelled, and then filtering, the filtrate will be freed from cerium and will 
contain lanthanum and didymium. 

Waste material from tlie gas-mantle industry can be used for the preparation of 
metallic cerium. ^ The oxides are dissolved in HCl, using an excess of oxides. Sodium 
and phosphorus compounds are removed with barium chloride and iron, manganese, 
and chromium by ceric oxide. The solution is then evaporated. The formation of 
oxychlorides is prevented either by an atmosphere of HCl gas, or by 30 per cent by 
weight of a mixture of KCl and NH4CI, or NaCl and NH4CI is added before evapora- 
tion. After evaporation, fusion is effected in cast-iron pots high in carbon and silicon, 
and the fused salt boiled for 20 min. The mixture is then transferred to the elec- 
trolytic cell and electrolyzed at 850°C., with an anode current density of 6 to 7 amp. 
per sq, in. for graphite and 5.5 amp. for carbon. About 7 to 12 volts pressure is used. 
If the electrolyte was prepared by the second method, the temperature may be raised 
to 950°. After the twenty-fourth hour, heat and stir every half hour to agglomerate 
the cerium, shutting down at the end of about 27 hr. If the electrolyte was prepared 
by the second method, the process may run 60 hr. The pot that served for the elec- 
trolysis is broken up, as it is too much attacked to use again. There are small quan- 
tities of lanthanum, dysprosium, erbium, and thorium in the cerium thus produced. 

Misch metal can be prepared from the gas-mantle residues without purification. 
This will ordinarily run 50 to 60 per cent Ce; 25 per cent La; 15 per cent Dy, Sa, etc.; 
and 1 to 2 per cent Fe.® 

About 0.3 to 2.0 per cent CeOj is recommended in the Th02 for gas mantles. 

Crude cerium oxalate gives up its iron impurities upon treatment with dilute 
hydrochloric acid. It can then be converted to hydrate by boiling with KOH or to 
oxide by calcination. Pure CeOj appears to be of a light chamois color. 

" Columbium. — The element, in the form of oxide, is almost invariably associated 
with tantalum ores, its separation from tantalum being described under the discussion 
of that metal. The columbium remains in solution as potassium fluoxycolumbate 
(2KF.NbOF3). 

Columbium can be separated from zirconium by fusion with sodium carbonate 
and leacliing with hot water. Columbium dissolves completely, tantalum largely, 
zirconium not at all. 

Metallic columbium can be prepared by electrolysis of the molten fluocolumbate, 
prepared as given under Tantalum (g.v.)* 

The alloys of columbium are said to be highly acid-resistant, two in particular 
being noted: Zr, 6.8; Cb, 53.5; and Ta, 39.7 per cent (Canadian patent 214118); and 
Ki, 75; Fc, 11; and Ta and Cb, 14 per cent.^ 

Benebium. — See Aldcbaranium. 

Dubhium. — See Aldebaranium. 

Dysprosium. — ^This metal was discovered in 1886 by Lecoq de Boisbaudran, 
who named it for the Greek difficult to approach, because of the trouble he had 
in isolating it. The mineral or residue is decomposed with hydrochloric acid, the 
rare earths precipitated as oxalates, and the precipitate washed to remove iron and 

» Britbb patent 110229 of 1918. 

* A historical roviow by B. Simmcrsbach of pjTophoric alloys will bo found in Chtm, Z , Vol 45 n 
577, 1921. ' ' 

’ A good reference for the analytical chemistrj’ of columbium is Morn, J., Jour. Chem», Met. Soc. S. 
A/nco, Vol. IG, p. 189. A brief outline will be found in Johnstone’s “Bare-earth IndustrjV* p. CO, 
D. Appleton. Fora general discussion of columbium, see, Balke, Ind. Eng. Chtm.^ Vol. 27 d'd 
11C9, October, 1935. 
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beryllium UsuiUj the earths are reprecipitated to remove silicon anil iron further 
If the cerium group is present, it is beat remoA ed by the double-sulphate method In 
this, the oxalates are concerted to sulpliates bj moistening with sulphuric acid and 
Ignition to ■^OO'C the resulting sulphates dtssohed nnd solid sodium or potassium 
sulphate added to the solution to saturation (sec page G80), most of t5\c cenum group 
being thrown down m such a solution The earths in solution should then again be 
precipitated as oxalates to get nd of the alkali salts Specific gravitj is 8 41 

As tlie jttruim group are again in solution as sulphates, the metals arc conrerted 
to bromati s bj double decomposition w ith banum bromatc nie bromates are then 
recrj stallizcd fractionally 

Least Most 

SOLCTLE aitCDLB {mjLCBLE 

Sro Nd Ir Dy llo Lr Yt Toi 

The rcciystallization of tlnse salts as double cth^ 1 sulphates is also pmctired, the 
oxides bemg converted into the double salts lij prolonged agitation with cthji 
sulphuric acid In this case absolute alcohol is used ns the soUenl and the fractiona 
tion takes place at 9°C , the resolution of the erj stallizcd portions being performed at 
30 to 40*C In order of increasing solubilities Gd, Tb, Isd, Pr, IIo, Dj , I , Er, IT) 
rbe first three are readily remor ed from dvsproaium, but holmmm is not 
Xenthotime nod gadolmite are the mam sources of djsprosium • The closely 
related elements are crhium, holmmm, and thulium 

Erbium — This metal is deriicd mainly from gndohnite The gcncralli followed 
method of extraction is that given on page G83 The mam difficult j is in its separa 
tion from europium and gadolinium Michers, Hopkins, and Balke* saj that frac 
tional precipitation of the cobalticjanidcs or with sodium nitrite gives good results, 
but that the classic nitrate fusion (fractional decomposition) is be^t Willard and 
James recommend the sodium nitrite method for work on a large scale See also 
under Djsprosmni 

Europium — ^This metal is obtained from monazitc sand residues It was iden- 
tified in 1901 bj Demarcaj, who found he was working with a nitrate more soluble 
than gadolinium and less soluble than samarium Its salts arc a pale to^e color 
Specific gravitj is 5 30 

The eventual separation is best performed bj fractional crj stallization of the 
double-magnesium nitrates, using 30 per cent HNOj as the solvent (see page 6S2 for 
solubilities) The separation of samarium from europium is finaltj accomplished bj 
adding some bismuth magnesium nitrate to the solution The bismuth magnesium 
nitrate has a solubiht 3 lying between sanianum and europium The bismuth with 
which each fraction is contaminated is finallj thrown out bj hvilrogcn sulphide 
Europium and jtterbium are said to be unique among the rare earths m giving 
amalgams if solutions of the acetates in teitiaiv potassium citrate are stirred with 
potassium amalgam (dour Am Chem Soc \ol 63, p 3432) The electrolvsis of 
the above solutions when electrolyzed w ith a mercurj cathode is aUo said to give Fu 
and Yb amalgams The elements most closeli related to europium are gadolmium 
and terbium 

Floientmm — Dr Holla of the Imiversitj of Florence Itah, proposed tha name 
for what appears to be illinium (element 61) 

Gadolmium —This metal was identified in 1880 bj C Marignac m samarskite 
It is named for the mineral gadolmite which, m turn, is named for the Finnish 

• For a aenttal d s*\»s OT, of dyspros um see Jeu, Am CJiem Soe \o\ 39 p 53 and \ol « «> 
593 


<JaiiT Am Chem Set \oI 40 p 1615 
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chemist, Johann Gadolin. It is now chiefly obtained from monozite sand 
residues.^ 

Crystallization of alkali-gadolininTn sulphate and hydrazine-gadolinium double 
sulphate gives only a rough concentration of gadolinium. Ciyystallization of the bro- 
mates gives a good method for separating the terbium earths from the yttrium group, 
but does not separate the terbium and cerium groups. The acetate method gives a 
good separation of Gd from Sa, Pr, and Nd. 


Compound 

H 2 O of 

crystallization , 

i 

Grams salt in 100 
g. of saturated sol- 
uble at 25 °C. 

Lanthanum acetate 

1.5 ' 

14.47 

Praseodymium acetate 

1.0 

21.48 

Neodymium acetate 

1.0 

20.76 

Samarium acetate 

3.0 

13.05 

Gadolinium acetate 

4.0 

10.37 

Yttrium acetate 

4.0 

8.28 



Double nitrates of bismuth and these earths fractionate in the reverse of the 
acetates, and alternated with the acetate method, give a good separation. Fractional 
crystallization of the nitrates gives a rapid separation of the cerium earths in the early 
stages, but toward the end is much inferior to the acetate. Gadolinium can be rapidly 
separated from terbium by fractional precipitation with NHaOH .2 

If a mixture of sulphates is reduced by strontium amalgam, Gd can then be 
quickly separated from Tb, Y, Sm, and Eu by precipitating the gadolinium as a 
benzene sulphonate. 

Gallium is found chiefly in the flue dusts of zinc works. During the First World 
War, when large quantities of zinc were redistilled, residues were left comparatively 
rich in gallium and indium. This alloy is volatile at the temperature of the ore 
furnace, but resists distillation for weeks at lOGO'^C. 

It is probable, according to G. W. Waring, that any practical method of extraction 
must be founded on fuming the ore at a high temperature, circa 1500°C., and separat- 
ing the gallium from the flue dusts or where redistillation of spelter is carried on, on a 
tremendous scale. Gallium is interesting because of its low melting point, SO.S^^C., 
and high boiling point. It instantly spreads in a thin mirror film over any sort of a 
dry surface (it wets glass), and it re-collects in a globule when wet with slightly 
acidulated water. The metal undcrcools after melting and may not solidify until 0°C. 
is almost reached. 

Gallium may be separated from iron by the solubility of its hj^droxide in NaOH, 
and from aluminum and chromium by precipitation as fcrrocyanide. The ferro- 
cyanidc, Ga 4 lFe(CN)(i] 3 , when ignited gives GajOa and FcsOa. It is not precipitated 
by H 2 S in acid solution, but is by NH 4 OH in XH 4 CI solution. Many of the gallium- 
aluminum alloys arc liquid and wet glass. The metal itself may be produced hy 
electrolysis of the chloride. The potential of the metal is apparently between indium 
and zinc, but it is distinctly more difficult than zinc to precipitate. It is one of the 
few elements that expand on solidifying (like bismuth). Its density near the melting 

* A critical study of the separation of gadolinium from other metals of the terhium- .and ytterbium- 
earth groups is given in Z. aixorg. allgem. Chevi,^ Vol. 109, pp, 1-30, 1919. 

*Good general references on gadolinium arc Comjil rend., Vol. 149, p. 127; and C/tem. Kews, Vol, 

100. p. 73. 
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point 13 variously given at 5 885 to 5 904 as a solid and G 081 to 0 09 > as a liquid 
The cubical toefficicnl of expansion of tlic liquid h about 0 000055 per degree centi 
grade, but the metal cannot be used m thermometers ns it wets glass Its atomic 
weight IS 69 72 

Probably the easiest method of separation o! gallium from indium and zinc why 
fractional erj stallization of the cesium alums 

The metal cannot be separated bj tleclrol> 8 i 3 of sodium hydroxide solutions in 
the presence of nitrates 

Getmanima — Atomic weight, 72 0 The metal can he detected b> a laodihed 
Marsh test, using KOH and A1 Gelli is formed, iv Inch decomposes at 340 to 360°C 
The metal is prepared from germanium bearing zinc oxides (containing abxi lead 
arsenic, cadmium, indmm, tm, and antimon>) bj treating the oxide aith hjdrochloric 
acid and then distilling m o slow current of chlonne gas, dm ing or cr GeCl< and AsCh 
H S 13 then passed into the distillate until precipitation is complete Germanium does 
not precipitate with in the presence of ammonium oxalate The precipitate m 
dissolved in hot 50 per cent AaOH and Cl* passed m to oxidize the arsenic Add con 
eentrated HCl and continue the Cli and distill GeCl* now comes oier between 90 
and 100*C free from arsenic Collect the GcCl^ m water, as hjdratcd GeOj The 
spectroscope shows traces of sodium, calcium, and iron, which can be removed br 
redistillation If the mixed sulphides are roasted at not or er 500*C , most of the 
arsenic can be removed before distillation, without loss of germanium 

At 600“C , 30 per cent of GeOi is lost, at 800 to 900“C , 80 to 90 per cent is lost ‘ 
Samarskite, often given as contammg germanium, appears to contain none Ger- 
manmm can also be Bcpatated from arsenic as the double fluoride (lIiGeFt), which is 
not affected by HjS, whereas arsenic is precipitatcil in HF solution bj HiS * 

Urbam describes the preparation from blende ns follow s Di'^soU e the powdered 
mineral in concentrated H>SOi and evaporate to drjncss Dissohe in water and 
add Na 2 S Treat the residue with 15 per cent HiSOi, leaching out the ZnS Treat 
the insoluble with HN 0» and evaporate to dryness ItedissoK c in H 1 SO 4 and from 
strong acid solution precipitate with HjS TTie precipitate is GeSi with a little As 
and Mo Add an excess of MI 4 OII neutralize, and throw out the As and Mo, then 
precipitate from a strong acid solution 
Glucmum — See Berjllmm 

Hafnium 13 of interest m that Bohr predicted the discover) of this clement by his 
theory of the structure of the atom and it was later discovered bj \ raj obsen aliens 
by Coster and Ilevesj of Copenhagen Its atomic number is 72 It resembles 
titanium and zirconium and it appears to be found only in company with the latter 
Dr Alexander Scott of London claims to have isolated it as a cinnamon brown oxide 
from a New Zealand black sand deposit Its atomic weight is 178 6 It is probablj 
present in the black sand deposit just below Pablo Beach, Fla 

’HrAvtAmin — Proposed as llie name for element 85 bj T)r M alfher "Jlmder 
Hibemium is a radio clement that is assumed to be the origin of the particles that 
form the rings between the halves of jtterbium mita It is probablv identical with 
ytterbium itself 

Holmium ^This metal is very like dysprosium, but is clement 77, Dj is 76 
It 18 chiefly found in euxenitc It closely resembles didjunium, terbium, j ttnum, and 
erbium The addition of an excess of samarium salt followed bj fractional crystalhza 
tion temoves yttnum, europium, and gadolinium The samarium can then itself be 
removed as double sulphate (see page 6S1) Fractional hj droljsis of the phthalates 
increases the holmium content of a holmium yttrium mixture, as does also fractional 
lyeur Am Cktm. Sot Vol 43 pp 2131 2U3 iggj 
»I»id pp 2549-2552 
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precipitation with sodium nitrite, but dysprosium cannot be so separated.* Ethyl 
sulphate crystallization using alcohol as the solvent is also used. 

Illinium. — Element 61 discovered in 1925 hy B. S. Hopkins, J. A. Harris, and 
L. F. Yntema. Named for the state of Illinois. 

Indium. — This is one of the rarest of all the elements. It was discovered by Reich 
and Richter in 1863, and named by them for the two indigo-blue lines that are 
characteristic of its spark spectrum. It is found mainly in flue dust from zinc 
smelteries and in metallic zinc. 

If metallic zinc is used as the source, the zinc is dissolved in hydrochloric acid, the 
indium remaining with the lead, undissolved. Indium is precipitated as sulphide in 
neutral or only faintly acid solution. After freeing from the copper-group metals, 
the iron and indium may be precipitated together by ammonia, the precipitate 
redissolved in hydrochloric acid, and the nearly neutral solution boiled with an excess 
of NaHSOs. 

Indium precipitates as a basic sulphite. Metallic indium may be prepared by 
heating the oxide with hydrogen, by electrolysis of chloride or sulphate solution in 
the presence of pyridine or hydroxylamine. Metallic aluminum precipitates metallic 
indium from its solutions at 70 to 80®C. It is a white metal, softer then lead, ductile, 
and malleable. 

It is very like gallium, and fractional crj^stallization of the double cesium alums 
is the only effective way of separating gallium and indium. It is stable at ordinary 
tem23eratures, but bursts into blue flame on heating. 

Lanthanum comes down with the double sulphates (page 681) and is among the 
more insoluble of the double-magnesium nitrates. It is said that it can be rapidly 
separated from praseodymium and neodymium by adding a mixture of 4A NH3 
and 4iV NH4CI, a drop at a time, at 50°C., using mechanical stirring, but this is 
a laboratorj^ rather than a commercial method. Fractional precipitation with 
ammonia in the presence of zinc and ammonium nitrates is also recommended. 
Specific gravity, 6.17. Lanthanum can be largely separated from neodymium by 
treating a mixture of their bromides with ethyl benzoate. The Nd reacts much 
faster to produce the insoluble benzoate, and the first precipitation can be made to 
consist of 95 per cent Kd benzoate to 5 per cent La benzoate. 

Lutecium. — In 1907, when G. Urbain was examining supposedly pure ytterbium 
nitrate fractions, he obtained different spectroscopic lines for the various portions. 
He decided that ytterbium was, therefore, composed of lutecium (Lu = 174.99) and 
ytterbium, 173.4. The reactions are essentially the same for neoytterbium and 
lutecium. Apparently lutecium is Welsbach's casseiopeium. It is named from the 
ancient Roman name for Paris, Lutetia. 

Masurium is formed by bombarding Mo with deuterons. It is soluble in dilute 
ammonia and can be separated from most of the ATo in that way. Oxyquinoline 
precipitates Mo and does not precipitate Ala {Che7n. Ahstr., Vol. 32, p. 8856-). 

Molybdenum. — The methods ordinarily given for the treatment of wulfenite 
(the most common mineral) are to leach with NajS, the molj^bdenum going into 
solution jis NajAIoO^, or to fuse with soda ash, sodium hydroxide, and powdered coal, 
obtaining a lead bullion and a slag from which sodium molybdate may be leached. 
In either case, the molybdenum is recovered from this solution by precipitation as 
CaAIo04. 

For fcrromolybdenum production, the finely ground pulp is mixed with soda-ash 
solution and heated to boiling, and the molybdenum thrown from the filtered solution 
1'/ Fej(S04)3 or FeCU and the precipitate smelted with carbon in an electric furnace. 


‘ C/. CAem. Absir,, p. 2072, of 1918. 
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Molybdenum sulphide is said to be aeteil on at above 26S®C bj chlorine, and it is 
suggested that pure sulphides could be treated u ith chlorine and MoC^ condensed 
Molybdenum has a dcnsit> of 10 2, tensile strength, 260 000 lb per sq in , meltmg 
point, 2550®C boding point, 3617*0 specific lieat, 0 072 cal per degree centigrade, 
linear coefficient of expansion, 5 16 X 10”“, thermal conductn ity, 0 346 cal per deg 
per cc electrical resistance, microhms per cubic centimeter at 15*C, annealed, 4 8 
(all according to Balke) See also page 632 

Nebulium is a hyiiothetical element* not known terrestrially It is probably a 
mixture of highly ionized N, 0 and S 

Neodymium — This is found chiefly in cento, which ma) be dissolved in acids, 
and the earths precipitated as oxalates, w Inch are converted into oxides on ignition 
Ihese oxides arc then treated with nitric acid, which on heating produces basic ceric 
salts lanthanum, praseodymium, neodymium, samarium, and ytterbium are m 
solution Crystallization of the nitrates from nitric acid tends to concentrate lan- 
thanum cerium, neodymium, and praseodymium in the mother hquors Crystalliza- 
tion of the double-magnesmm nitrates tends to throw lanthanum and neodymium into 
the crystals 

Neothulium —See Aldebaranium 

Neoytterbium — In 190S, Urbaia announecd that he had fractionated ytterbium 
compounds by a long senes of cry stallizations into tw o distinct compounds, the base 
of one with an atomic weight of 170 (neoytterbmm) and the other with an atomic 
weight of 174 (lutecium) Tlic name ncoytterbium has been dropped and that of 
ytterbium given to this fraction, the unseparated earth often being spoken of as ‘the 
old ytterbium ' The abov e weights hai c since been corrected See Butecium, supra 
Niobium — See Columbium, w hich is the proper name 

Praseodymium comes out in the insoluble double alkali sulphate fraction and then 
among the leas soluble double-magnesium nitrates (see scheme, page 681) Its name 
means “ the green t wm ' It can be prepared by electrolysis of the anhy droos chloride, 
which can also be reduced by sodium at 200°C It is a silvery white, easily tarnished 
metal of specific gravity 0 75 which melts at 9 J0°C and kindles m air at 290'’C 
Khemum accumulates m the Mo rich material from working up the Mansfcld 
copper schists for Cu Co, Mo, and It is oxidized m sulphate solution with 
KClOj to potassium perrhenate and purified by fractional crystallization Heduc- 
tion with hydrogen gives the metal It can also be separated by saturating an alkal i n e 
solution contammg Mo and Re with HjS, and refrigerating to ^5®C , when rhenium 
sulphide precipitates, and Mo remams m solution Voight says metalhc rhenium is 
obtained by electrolyzing alkalme aqueous solutions (D R P 723,303) 

Rubidium was discovered m 1861 by Bunsen and Klrchhoff, and named for two 
dark red lines It may be recovered from lepidohte by decomposition with sulphuric 
and hydrofluoric acid or from any sdicafc by decomposing with CaOi and NH^Cl 
and heat From the first, cesium rubidium alum can be recovered From tbe second, 

after precipitation of CaSO« with HiSO*, and CaCO, with (NHi)fCO», the addition 
of platimc chloride throws dow n cesium rubidium chlorplatmate (See p 85 also ) 
Rubidium metal may be prepared by electrolysis of the fused chloride It is a 
soft silvery metal It melts at 38 O'C and bods at 696“C It takes fire spontaneously 
m air and decomposes water vigorously It can also be prepared by heatmg tbe 
the chloride tn vacuo with CaCj at 700 to 900'C The metal distills ofi 

Cesium and rubidium are themselves separated by fractional crystallizations of 
cesium iron and rubidium iron alums, follow ed by removal of the iron 

Samanum — Material containing samarium is purified as follows * Cerium is 
» Nicaotsoa Son Aitron See V JV Vel 78 p, 349 

Balxx and Kbsmebs J'our Am. CAew See Yol 42 p filS 1920 
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thrown out by bromine and marble; La, Pr, and Nd by fractionation of the double 
magnesium nitrates; Eu and Gd by fractionation of the magnesium double nitrates 
along with the double nitrate of Bi and IVIg; and finally the Sm is alternately precipi- 
tated as Sm(OH )3 and Sm 2 ( 0204)3 and recrj^stallized as hydrated chloride. The 
bismuth-magnesium nitrate is added and has a solubility intermediate to samarium 
and europium, so that it thus affords a separation. The last of the bismuth can itself 
be removed by HsS. The metal is supposed to melt about 1300°C. It is named for 
samarskite, in which mineral it was first discovered. Specific gravity is 6.93. 

Scandium. — Scandium is chiefly found in the wolframite of Zinnwald, although 
Nilson discovered it in 1879 in euxenite. 

Scandium can be separated from wolframite residues by dissolving the oxides in 
hydrochloric acid and precipitating with ammonium fluoride.^ To separate pure 
scandium salt from this precipitate, lead, copper, etc., are precipitated with h^’^drogen 
sulphide from acid solution of scandium chloride; iron and manganese from solutions 
of scandium-potassium carbonate, the former with potassium-hydrogen sulphide, 
the latter with iodine in potassium iodide solution ; molybdenum is removed as sul- 
phide b}^ precipitation in the presence of formic acid; and the thorium, yttrium, and 
ytterbium by precipitation of scandium-sodium carbonate, combined with the frac- 
tional crystallization of sodium formate. 

The scandium is then thrown out of its solutions by HF or H 2 SiFG or NaaSiFe in 
acid solution, after which it will contain only small amounts of thoria, yttria, and 
ytterbia. It can be further purified by precipitation with Na 2 S 203 , but will probably 
still contain about 1 per cent of thoria. 

The (NH 4 ) 3 ScF 6 , precipitated by addition of ammonium fluoride to scandium 
salts, also can be used for fractionating. This salt hydrolyzes to (NH 4 ) 2 ScF 8 and 
NH4SCF4. 

Pure scandium is diamagnetic. Yttrium and celtium are the closest related ele- 
ments. The atomic weight is now ordinarily given as 45.1, 

M. Speter says scandium can bo separated directly by decomposing its minerals 
bj’’ acid, or fusing them with alkali and dissolving the melt in acid. The acid solution 
is filtered, the rare earths precipitated as oxalates and boiled with H3PO2, filtered 
again, the precipitate taken up in sulphuric acid and reprecipitated as oxalate. ^ 

Scandium is one of the three elements clearly forecast by Mendel<5ef. His “eka- 
lurainum^^ is gallium, ^'ekasilicum’’ is germanium, and “ekaboron^' is scandium. 

Selenium. — This clement was discovered in the dust collected in acid-chamber 
flues by Berzelius in 1817. It is wudely distributed in the ores of lead, copper, gold, 
and silver and in pyrites. Tlie chief source of the commercial metal is the flue dust 
from plants treating electrolytic copper slimes. There are a number of allotropic 
forms. From the metallurgical standpoint only three varieties are important: the 
finely divided material produced b}’’ precipitating selenium from chloride solutions 
with sulphur dioxide or carbon monoxide (the former being the common commercial 
precipitant); \ntrcous selenium; and metallic selenium. If the first form, which is a, 
bright-red to dark-bromi precipitate (this precipitated modification itself runs through 
several allotropic forms), is heated it melts to a black mass, which, when cooled 
quickly, gives a black to purple-black vitreous bar when viewed by reflected light and a 
beautiful red if dranm while hot into thin slieets. Wlien the vitreous modification is 
kept for some time at a temperature of 150®F. or over, it changes to a silvery-gray 
modification (metallic selenium), which is unique among metals in having its electric 
conductivity greatly altered by changes in the intensity of the light with which it is 
illuminated. 

‘STEnn.v, J.. /,, KUktrochem,, p. 280. 1914. 

‘Ccrinau patent 2S2()57, 1941. 
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The resistance falls with increased illumination and increases as the temperature 
increases 

The change from the vitreous to the metallic state is strongly exothermic and 
becomes more rapid as the temperature increases up to about 125*0 The metal 
melts at 217*C 

The metallic modification can be chinged back to the utreous bj melting and 
quick cooling 

The refining of selenium and tellurium has become “big business ” Two of the 
modern plants have allowed their reeoverj methods to appear in the Institute of 
Metals Division solume of the American Institute of Mining and Metallurgical 
Lngmeers for 1943, both being reprinted from ^fetaU Teehnoloffj/ ol 1938 Frederic 
Benard describes the plant of the Ontario Refining Co at Copper Cliff, and C 
Clark and J H Schloen describe that of the Montreal I ast plant of Canadian Copper 
Refineries Ltd The following is based on their articles 

Modem selenium recovery bj copper refiners is largely based on a ^!ow roasting 
of the copper slimes with sulphuric acid The dried slimes arc mixed with 75 per cent 
of their weight of CO per cent sulpliunc acid Additional atid is also added in 
the form of a spraj on tw o of the roasting hearths during the roasting operation, at 
the Montreal East plant Roasting is earned on at 700 to 800“F the combustion 
gases from the roasting furnaces being sent through the silver-refining scrubber system 
to avoid any possibility of loss of metal while the roasting gases u hich contain about 
85 per cent of the selenium, are handled through a separate scrubber and Cottrell 
fume-recovery system The scrubber solution is treated for selenium wl cnetcr the 
selenium content builds up to 1 lb per cu ft of solution 

The roasted slimes are leached with water which eliminates most of the coppei 
Thej arc then treated with 10 per cent caustic “oda solution winch removes about 
85 per cent of the tellurium Tlic solution from this soda leaching is later used to 
leach the soda slags from the dor6 furnaces In smelting the shmes, the first slag is 
taken off which contains chiefly lead, arsenic antimonj, and iron, and the residue 
left in the furnace is treated w ith fused soda ash and blown W ith air, most of the 
selenium and teUunum being conierted to sodium selenite and tellurite The residue 
can also be treated with scrap iron which breaks down the selenium matte and 
renders the blowing unnecessary In either case, the soda slag is leached with the 
caustic solution from the previous slune treatment 

The caustic soda leach is neutralized with sulphuric acid which precipitates the 
telluriiun dioxide the selenium remaining m solution 

This neutralized solution and the scrubber solutions arc acidified with 10 per cent 
of their weight of 66°B6 sulphuric acid and are treated with sulphur dioxide 
Precipitation is carried on between 60 and 90“F , below 60° too large a quantity of 
sulphur dioxide gas is required to saturate the solntion w hile abov e 100° the selenium 
becomes plastic and is difficult to clean out from the precipitator and alwaj s occludes 
a certam amount of sulphuric acid Selenium cannot be precipitated completelj from 
straight sulphuric acid solution so that the solution after precipitation will «till carry 
about 0 5 g per I Se and about 0 2 g per 1 Te 

The selenium precipitate is washed and added to the crude selenium from 
scrubbers and Cottrell installations, and this selenium is distilled using cast-iron 
retorts at just above the distilling point of selenium This gives a selenium product 
containing less than 0 1 per cent Te The retort residue is ground and sent back to 
be roasted with the raw shmes The precipitate from neutralization of the caustic 
soda leaches carries about 32 per cent Te, 6 5 per cent Se, and 2 per cent Cu This 
mud IS mixed with sulphuric acid and roasted for about 8 hr , which chromates most 
of the selenium as a fume and converts the copper to water soluble sulphate 
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Tellurium cannot be precipitated from a straight sulphuric acid solution, so about 
2 per cent of salt is added before passing in sulphur dioxide. The tellurium precipi- 
tates and is filtered, washed, and melted, the bars containing about 99,7 Te, 0.07 Se, 
and 0.03 Cu. 

For the reroveiy of selenium from acid-chamber residue and similar material of 
the sort, the process originally introduced by the author of leaching these residues 
with sodium chlorate and hydrochloric acid can be used. After filtering these solu- 
tions, the selenium is precipitated by sulphur dioxide. If tellurium is present, it is 
not precipitated by sulphur dioxide if the strength of the hydrochloric acid is up to 
50 per cent., If tellurium is present, it can be recovered after the selenium has been 
filtered off by diluting the solution and allowing it to stand. 

The selenium precipitate is washed and dried, then either powdered, or melted in 
enamelware pans and cast. 

The leaching operation is most conveniently carried on in stoneware tanks, the 
precipitation either in stoneware jars, or, even better, in barrels painted with P. & 
B. paint. The precipitation should not be carried on too fast or the precipitate will 
occlude sulphuric acid, which oxidizes the metal during drying and melting; nor should 
the precipitation be from too concentrated a solution or a purplish-black modification 
will result which is very hard to dry and very difficult to melt. 

The compounds of selenium are analogous to those of sulphur. The hydride, 
HsSe, is worse-smelling than the sulphur compound and more poisonous. A bubble 
of the pure gas is said to have paralyzed for 6 months the olfactory nerves of its dis- 
coverer. It forms SeFa (soluble in HF, hydrolyzed by HoO); SejCb, SeCb, Se 2 Br 2 , 
SeBr^, SC 2 I 2 , Scl 4 , and various complex chlorbromides and oxyhalides. It forms 
Se02 and SeOs, which arc the anhydrides of corresponding acids. Selenic acid is 
unaffected by SO 2 or H 2 S (differs from selenious acid in these particulars), but is 
slowly reduced by boiling concentrated hydrochloric acid. Barium selenate is com- 
pletely decomposed by hydrochloric acid, as is also the tcllurate, thereby differing 
from barium sulphate. 

Iteactious of importance from the metallurgical standpoint, in addition to those 
given above, are: The amorphous-powder modifications are soluble in potassium 
cyanide, forming KONSe. Tellurium is insoluble (this gives a method of separation). 
'^Phose amorphous modifications precipitated at low temperatures are soluble in carbon 
disulphide, but those precipitated at or heated to high temperatures are not soluble, 
nor is tellurium. Both selenium and tellurium go into colloidal dispersion when 
heated with strong sulphuric acid, the beautiful purple produced b^’’ tellurium being a 
charael eristic test for it. Tlie metals again precipitate on cooling or dilution. If, 
however, the heating is carried on long enough, the metal is oxidized, forms sulphates, 
and is no longer reprecipitated on cooling or dilution. 

Both selenium and tellurium and their compounds when heated with an alkaline 
carbonate and carbon form alkaline selenides and telluridcs which are decomposed 
by the passage of air through their solutions. This is the process introduced by A, E. 
Knorr for the recovery of tellurium from high-tellurium flue dusts. 

NasCOa + Tc + 2C = NajTe + 3CO 
2Na2Te + O 2 + 2 H 2 O = 2Tc + 4NMK 

Metallic selenium has a specific gravity’’ of 4.8 and melts at 217°C. The specific 
gravitj" of the vitreous modification is 4.28 and of the amorphous abovit 4.2G. A red 
cr^’stalline modification has a specific gravitj" of 4.47 and seems to melt between 170 
and 1S0°C., but passes over quickly to the metallic modification and solidifies, giving 
out 55 cal. per g. Selenium boils at G80®C. at 700 mm., at about 310®C. at low pres- 
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sures It burns m air with a blue flame, forming SeOj, but the reaction requires 
external heat to maintain it Above 250*C it unites with hydrogen, more quickly as 
the temperature la rnisetl 

The chief use of selenium in tonnage is as n coloring matter for rubj glass It is 
also used in electrical devices such as automatic light controls, etc , where its varymg 
conductivitj under varjmg illumination is of use, but the weight used in n selenium 
cell 13 almost negligible * 

Tantalum — Ihe metal is usuallj prepared from tantalite, the most important of 
the tantaliini minerals The finally puhcrized tantalite is fused with potassium 
hydroxide converting the tantalum and columbium to soluble tantalate and colum- 
bate The melt is then di-'soKed in water, and after filtration the solution i» neu- 
tralized w itli h> drofluonc acid, converting the columbatc and tantalate mto double 
fluorides with potassium (If sodium hydroxide is used, the sodium tantalate and 
columbate that are formed are not soluble ) After neutrahzation with hydrofluoric 
acid, the potassium-tantalum fluoride, KiTaFr, precipitates and can be puriSed to 
any desirable extent by recrystallization The columbium forms a pofassium- 
columbium oxvfluoride, KiCbOFt HiO, w hich is fairly soluble in water and in dilute 
hydrofluoric acid 

Tantalum pentoxide can be formed by treating the potassium tantalum fluoride 
with twice its weight of concentrated sulphuric acid at about 3'iO'’F for 2 to 3 hr to 
dme o0 all the hydrofluoric acid Tlic resulting solution is amber colored, and when 
this is poured slowly into boiling water it is hydrolyzed and dense white insoluble 
tantalic acid is formed The precipitate should be w ashed w ith hot dilute snlphunc 
acid, then with water, and filtered If this precipitate is dried at 120*C for several 
hours it can be powdered rcadilv Ignition of the powder at 1000°C yields TajOt. 
This oxide is reduced lit vacuo, which produces the metal 

An alternative method based on the in*>olubibty of sodium tantalate is based on 
the fusion of tantalite w ith sodium hy droxide The addition of a little sodium car- 
bonate to the melt lowers the melting point greatly The concentrate should be 
ground to about 100 mesh and added a little at a time to the fused alkali R H 
Myers and Dr J Neill Greenwood, of the Uniaersity of Melbourne, state that the 
optimum mixture is ground ore 1 port, caustic soda 2 7 parts, and sodium carbonate 
0 3 parts ’ Ihe mixture can bo melted in iron crucibles, and iron rods used to stir it 
A final fused temperature of about SOO^C must be reached 

The melt is poured on a clean iron or steel plate and allow ed to cool in a thin layer 
and broken up while still hot It is then heated with hot water, and after the lumps 
have completely disintcgrateil, the suspension is set aside to cool to room tempera- 
ture The strong alkaline supernatant solution attacks filtering media, so it should 
be decanted from the msoluble matter, which la then w ashed w ith cold water The 
insoluble residue is mainly sodium tantalate andaadiiuu columbate together with iron 
and manganese compounds The method has the advantage on low grade ores of 
removing most of the silica, most of the tin, and practically all the alummuin as 
silicate, staimate, and aluminate, together with some of the titanium, as titanatc 
The insoluble residue is then, heated to boiling m suspension m hot water, and 
sufficient concentrated hydrochloric acid added to decompose the sodium salts gviag 
insoluble columbium and tantalum pentoxide, with sodium, iron, and manganese 
chlorides in solution These oxides are separated by solution m hydrofluoric acid 
and are then fractionally separated as indicated earlier in this section 

> Tot laboratory testa tor impunties in selenium and for select methods of selenium assay refCT»n« 

should be made to Lenhxb 'Victob Oceurrenee Chemistry and Uses of Selenium and Tellurium Ttont 

i.1 MB , New York meeting Fehruary 1923 
•Pr»c Aoitralatxan Jntt Mming No 129 


March 1043 p 43 
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According to French patent 834104, columbium and tantalum can be reduced by 
calcium carbide. Selective reduction is possible by using an insufficient amount of 
carbide to precipitate both metals. The columbium is reduced first. 

Columbium pent oxide can be reduced with carbon at atmospheric pressure at 
temperatures above 1660°C. The metal can also be prepared by mixing columbium 
oxide and columbium carbide in stoichiometric proportions as powders and pressing 
the mix, then heating it at a temperature below but close to the volatilizing point of 
the oxide. After the reaction is complete, the temperature can be raised and a fused 
metal results.^ 

Tantalum is not attacked by aqua regia or nitric or hydrochloric acid, either 
hot or cold. Solutions of caustic alkalies do not attack it. It is slowly attacked 
by boiling concentrated sulphuric acid and by hydrofluoric acid. It is rapidly 
attacked by a mixture of nitric and hydrofluoric acids. When tantalum is heated 
in air, the surface becomes blue at about 400°C., and at a somewhat higher tem- 
perature nearly black. Above a dull-red heat the white oxide is produced and the 
metal gradually burns. The metal combines readily at elevated temperatures with 
hydrogen, nitrogen, and chlorine (the last producing the volatile pentachloride). The 
metal is tough and highly ductile and malleable. 

As an electrode the metal is of interest. Gold or platinum may be deposited 
on lantalum a^\d removed with aqvia regia. If two plates of bright tantalum are 
immersed in an electrolyte and a direct current passed, film forms on one plate in a few 
seconds and the voltage drops. With sulphuric acid of the strength ordinarily used 
for electric storage batteries, the current is less than 1 milliamp. with a voltage up 
to 75. 

If a tantalum and a lead plate are placed in an electrolyte and an alternating 
current passed, the current in one direction is shut off and a pulsating direct current 
obtained. Hydrogen gas is given off at the tantalum plate. 

Tantalum has a density of 16.6; atomic volume of 10.9; tensile strength, small 
wires, 130,000 lb. per sq. in.; compressibility per kilogram per square centimeter, 
0.50 X 10"®; Young^s modulus of elasticity, 19,000 kg. per sq. mm.; melting point, 
2850® C. (?); specific heat, 0.0365; linear coefficient of expansion per degree 
centigrade, 7.9 X 10"®; thermal conductivity, calories per cubic centimeter per degree 
centigrade, 1.30; electrical resistance (annealed), microhms per cubic centimeter at 
15®C., 14.6; electrical coefficient of resistance, 0.00335 per degree centigrade. Dis- 
covered in 1802 by Eckeberg; named for Tantalus, 

Tellurium. — The presence of this element was suspected by Muller von Reich en- 
stein in 1782 in a sample of gold ore from Austria, and was isolated in 1798 by Klap- 
roth. It is of common occurrence as sylvanite (gold telluride), particularly in 
Colorado. 

The metallurgy is intimately connected with that of selenium and reference should 
be made to what has been said on that metal (pages 692 to 693). 

Tellurium is a silver-white metal, atomic weight, 127.5; melting point, 452°C.; 
boiling point, 1390®C. (760-mm. pressure); density, 6.2; tensile strength, 115 kg. per 
sq. cm. 

It is used as a crystal detector in radio work, as a coloring matter in glass and 
ceramic trades, and, in the form of diethyl telluride, is an antiknock compound in the 
internal-combustion engine, and is a valuable reagent for the removal of cobalt from 
electrolytes in the Tainton procc.ss.- 

It unites readily with chlorine, forming TeCU and TeCl-j, and with oxygen, forming 
TcOj and TcOa, which form acids HjTeOa and HsTe 04 , analogous to sulphurous and 

» Balke, C. W., Jnd. Eng. C/irm., June, 1923 , p. 560 . 

3 Yearbook, 103S. p. OSS. 
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sulphuric, except that telhirous acid h more stable and telluric acid less so than the 
sulphur analogues 

It IS a brittle crj stallino-structurcd metal, tarnishing slowly in air, but less so than 
lead Its compound with hydrogen, HjTe, has a frightful odor It la peculiar m 
that It 13 eliminated almost entirely from the body as methyl telluride, via the lungs 
givmg a garlic odor to the breath 

Telliinum combines readily with many metals when heated The telluride of 
aluminum can be formed by dropping tellurium into molten aluminum This tellu 
ndc 13 an mterestmg substance, decomposing with water to give aluminum hydroxide 
and hydrogen telluride, which is highly poisonous and almost intolerably offensive 

Magnesium telluride is similarly formed, with explosive violence In general in 
making selemdes and tellurides bj addition, a mask and goggles should be worn 

Terbium, found chieflj in gadolinite, belongs to the Sm Nd Gd Pr group The 
mam difficulty is to free it from holmmm and djsprosium Its bromate la more 
soluble than theirs, its nitrate and chloride less so Its name is derived from 1 tterby 
near which towm gadolmitc was first found Terbium oxide is blaik * Crookes 
original element ' ionium, not the radium decomposition product seems to have been 
terbium 

Another separation is by the crystallization of the dimethyl phosphate * See under 
Dysprosium It is also said that terbium can be oxidized by KClOi to lljOi and ran 
thus be separated from all other earths but Pr * 

Thallium is chicflj found in acid plant fiue dust, its extraction depending on 
the solubility of the sulphate and sparing solubility of the chloride It is also fo in 1 
in the residues from the purification of Cd The flue dust is boiled w ith dilute H«SO« 
in wood or earthenware containers, filtered, and II Cl added Tlie precipitate isdis- 
soUed in HiSOi and thallium again thrown down Salt can be used mstead of HCl 
The metal can be obtained by fusing the chloride cautiously with KCN and \aiCOt 
or it can be reduced by zme and melted in an mert gas but A Kolhker^ says the metal 
on washing quickly oxidizes and then dissolves, affordmg an easy separation from 
other Kii-tals The metal w highly toxic, probably ranking next to mercury among 
the elements The metal melts about SOl'C Mhtle most authonties say that 
TlaOi dissolves readily m IICl, this seems very doubtful 

Thalhum is one of the few metals w hose low or oxide is more stable than the upper 
Its binary alloys with lead have a decidedly higher melting point than has either 
constituent, mdicatmg possibibtics in their use as insoluble anodes^ and for acid-ch»m 
ber hnmgs Lead thalUum and lead-thalUum tm alloy s also have theoretical possi 
bilities as high temperature solders 

Thonum — Atomic weight, 232 15 melting point about 1800°C The principal 
commercial mmeral carrying thorium is monazite, although small quantities of 
thoriamte and thonle have been used commercially These latter mmerals howe\er 
are limited in quantity blonazite is composed mainly of phosphates oi the ceimm 
and lanthanum earths together with a -variable percentage of thoria Its specific 
grainty is 4 8 to 5 5, and its color vanes from y ellow-gold to reddish brown and is 
occasionally even dark brown or black Monazite occurs m certam gneissic and 
granitic rocks, but the actual commercial deposits which are w orked are alluvial The 
principal sources are Brazil and India, although the mineral has been named success 

‘ For a eeneral tesujnS of the work on terbium see art ties by Una At» G Chm Kent X ol 100 P W 
Chtm Zlg Vol 33 p 745 

rPRAMDTi, anorg allsem. Chtm Vol 238 p 22o 1938 

*Anp«U) Chtm Vo! 62 pp 536 537 Its valences are eaid to be 3 and 4 

*Chem Ztg Vol 43 p 231 

* An alloy expecimented wth by Dr CoUn O Fmk and h gbty lesisVantin acid ealphate aolut o« 
eontaimng both HNOi and HCl was Pb 70 Sn 20 Tl 10 per cent 
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fulh' in the United States, in the Carolinas, Idaho, and Florida^ It has been found 
in Sndtzerland, Africa, and Australia, and to a limited extent in river rocks and placers 
in Ekaterinburg, Russia. 

Alonazitc is usually found in gravels of small streams and in bottom lands. In 
Brazil and India it occurs mainly in the beach sands of sea water. It is found in 
small crystals in gneiss, granite, and pegmatite rocks. As these rocks become disinte- 
grated the crystals arc washed into the creeks and streams and, together with other 
lieavy sands, are deposited in the beds of watercourses. On the coast of Brazil the 
inoiiazitc from the crystalline rocks of the coast mountains is concentrated in the sea 
sands by the waves of the sea. The bulk of the monazite in Brazil is found in the 
states of Espirito Santo and Bahia. In India, the main location is in the Travancore 
district in southern India. The deposits of the Carolinas in the United States cover 
an area of several hundred square miles east of the Blue Ridge Alountains. Prac- 
tically all the monazite mined in the Carolinas is derived from the gravel in the 
streams and bottom lands, the miners usually following the course of the streams and 
creeks. The gravels vary greatly'’ in thickness; in general, the^'^ are between and 

ft. thick. Alonazitc is also found in Florida. 

Extraction from the Ores. — The methods of treating monazite for the production 
of thorium nitrate arc more or less secret and arc changed from time to time, depend- 
ing upon conditions, costs of chemicals, etc. The general principles of the commoner 
method Used before the First World War are as follows: The mineral is heated in cast- 
iron pans or pots with about twice its weight of concentrated sulphuric acid, until the 
monazite is completely decomposed, giving a white mass of sulphates, wliich are largcl}'” 
insoluble in the acid. This mixture is run into cold water in a lead-lined vat and the 
whole stirred until solution is complete. The material is allowed to stand for a consider- 
able period in order that the insoluble matter, consisting of silica, zircon, rutile, and other 
minerals insoluble in concentrated sulphuric acid, may settle out, and the solution 
that contains the rare earths, phosphates, etc,, is decanted off. If now the free acid 
is partially neutralized so as to reduce the acidity, thorium phosphate is precipitated 
first, because it is less soluble than the phosphates of the other rare earths. The 
thorium phosphate still carrying quantities of other rare-earth phosphates is filtered, 
dissolved in a minimum amount of acid, and the fractional precipitation repeated. 

One method of still further purifying the precipitate is to boil it with oxalic acid,^ 
which causes the thorium to be precipitated as thorium oxalate, while the phosphoric 
acid remains in solution. The precipitated oxalates are digested for a prolonged 
period with sodium hydroxide, and the hydroxides formed arc dissolved in hydrochloric 
acid. If the acid solution is then carefully treated with sodium hj'^droxidc, until about 
one-sixth of the bases have been precipitated, thorium hydroxide will be precipitated 
before the other hj'droxidcs. Baskerville has suggested the volatilization of the 
phosphoric acid by mixing 1 part of monazite with 1.1 parts of petroleum coke, 0.8 
parts of lime, and 0.15 parts of fluor spar, and heating in an electric furnace. This not 
only removes the phosphorus, but also gives the latter in a marketable form. Further 
purification of the thorium hydroxide may be carried on in one of several ways. The 
oxalate method depends upon the fact that thorium oxalate forms a double salt with 
ammonium oxalntc, which is soluble, while cerium oxalate is almost insoluble. The 
carbonate method is based upon the fact that thorium carbonate forms double salts 
Avith the alkali carbonates, wliich arc soluble, whereas the double salts of the cerium 
earth oxalates arc insoluble. The sulphate method depends upon the fact that certain 
hydrated sulphates of thorium possess a considerable difference in solubility from the 
Milphntcs of tlic cerium earths. This fact is used as a basis for fractional crj’stalliza- 
tion. Whichever method is xiscd, after the thorium is sufficiently purified it is con- 

» Jour. Vhys, chem., Vol. 20. p. GU\ UUG. 
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verted into thornim carbonate or hjdroxide and dissoh od in nitric acid and the solu- 
tion evaporated until thorium nitrate, lh(AOi)< 4HiO, crystaUwea out After the 
beginning of the First World War, owing tothegreatlj increased cost of certain chemi 
cals especially oxalic acid, considerable modifications were necessary in the process used 
for treating monarife sand These changes in practice have been kept secret, but 
consist essentially m combinations of the methods described above 

In a British patent ‘ the followmg method is described The crude thorium phos- 
phate 13 boded vith caustic and then dissohed in sulphuric acid Thonum fluonde 
IS precipitated by hj drofluonc acid and dissolved m sodium bicarbonate Thonum 
hvdrate is precipitated by caustic soda, converted to sulphate, and crjstallized Tie 
sulphate crystals are converted to hjdrale with ammonia and tie cjcle repeated 
The thorium is finally converted to the nitrate 

Tlie element mesothonum, a radioactive product of thorium and hence a con 
stituent of all thonum minerals, deserves mention, since it is non being recovered as a 
by product in the refining of monaiite * Barium chloride (0 2 per cent of the weight 
of Ore) 13 added to the ore, and then sulphuric acid After dilution, the slimes con 
taming the mesothonum and banum sulphate arc decanted from the eoanse residue 
settled or filtered out of the solution and treated for the further concentration and 
recovery of the mesothonum 

Concentration Methods — XTie first stage of concentration m the Carohiiis 
involves the uso of oscillating tables or sluice boxes llic com rut rales producwl 
ill till sluice boxes contain 20 to 00 per cent monazitc 1 he crude concentrates must 
he further refined, and arc best treated hy clcctromsgnetic separators, of vihich tic 
W ethenll tj pc has proved to be the most successful » JTio separation of the inuicraU 
13 dependent on the difference in their magnetic permeability The magnets arc best 
adjusted so that the first pole of the first magnet removes from the sand the highly 
magnetic material, as for instance the magnetite and ilscmanmte , the second pole 
of the first magnet extracts the garnets and also the finer grams of the ilsemanmte, 
the third magnet (bemg the first pole of the second magnet) remov es all the coarser 
grams of the monazite and the last pole extracts the finer grains of the monantc At 
the end turn of the rubber belt of the machmc, the residues are dropped mto a recep- 
tacle * Hie grade of the concentrates ofatamed from the different large sources of 
supply varies considerably The average concentrate obtained in the Carolmas was 
about 3)^ to 4 per cent thorium oxide, whereas that obtained from Brazil averages 
around 6 per cent It was for this reason verj largclj that the industry in the 
Carolmas was ultimately given up The monazite from India has even a higher grade 
than that from Brazil averaging around 9 per cent thorium oxide, and some of it 
gomg still higher 1 concentrate of this tj pe carries about 27 per cent cerium oxide 
29 per cent lanthanum and allied oxides and 2 to 4 per cent yttria and alhed oxides 
J1 jsW /v5®ia.vw jeivjcrt 2€' pei" <rerri piospiumr aunf 

Metafile Thonum — The metal has probably not yet been prepared m a perfectly 
pure state Reduction of the oxide with magnesium is nev er complete, and attempts 
to reduce With carbon give a mixture of the metal and carbide Moissan and Homg 
schmid heated the purified anhydrous chloride w ith sodium m a sealed glass tube and 
obtained a product that was said to contain onlj 3 per cent of the oxide The amor 
phous metal is a dark gray powder of specific gravitj 113, and when hammered and 
strongly heated it has a densitj of 12 16 It burns readily in aur, and melts at about 
1700”C , although the pure metal would probably melt at a higher temperature 

•Bnbab patent J79399 
^ V S Bur ilintt Ttth Paptr 265 
» GuHTBCit Eleetro magnetic Ore beparation 
• Kithil, 17 s Bwr Jl7in« Teeh Paper UO 
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Uses of Thorium. — The main use of thorium is in the incandescent gas-mantle 
industr3\ The successful use of incandescent gas mantles began in 1893 when Wels- 
bach patented the use of a mixture containing 98 to 99 per cent thorium oxide with 
1 to 2 per cent cerium oxide (English patent 124 of 1893). With this mixture the 
oxides give a brilliant light and have a maximum illuminating power. The cerium 
oxide is probabl}^ in solid solution in the thorium oxide. ^ Thorium oxide is a ver3" 
poor heat conductor and hence can be raised to a high temperature. Tim small 
amount of cerium oxide givms enough color for efficient light emission. An outline 
of the methods used for obtaining mantles is as follows: The mantle itself is made 
either of ramie fiber or of artificial silk. The woven mantles arc thoroughly washed 
in a 2 per cent solution of nitric acid, distilled water, and then in dilute ammonia. 
The latter is thorough I3'' washed out b3^ distilled water. The mantle is dried in a 
current of hot air and then dipped in a solution of thorium and cerium nitrates, con- 
sisting of 99 per cent thorium salt and 1 per cent of cerium. 

Small quantities of ber3dlium or magnesium nitrate are added for strengthening 
purposes. The upright mantles are then fitted with an asbestos loop by which the3" 
are suspended, whereas the inverted mantles are fixed to a supporting ring. Those 
portions on which there is especial strain are sometimes treated with a thorium solution 
containing much larger proportions of calcium, aluminum, or magnesium salts. The 
mantle is then shaped and burnt off from the top downward b3" applying a Bunsen 
flame. During this process of burning off, there is considerable shrinkage. As soon 
ns the carbonization is finished, the mantle is shaped and heated with low-pressure 
Imrners, after which it is hardened b3' heating in a high-pressure burner. The mantles, 
now consisting of nothing but the ash skeleton, are immersed in a collodion solution 
containing collodion, ether, camphor, and castor oil. The ingredients may var3'’ to 
some extent. After dr3dng at a moderate temperature, the mantles are ready for use. 

Thulium. — Thulium was discovered in 1879 by Cl eve, when he was attempting 
to find out what gave the rose color to the salts of “old erbium. “ He named it for 
“ Thule, “ an old name for Scandinavia. It is among the most soluble of the double 
nitrates. (See scheme on page 681 for its separation.) In solution with cerium and 
3'ttrium onl3’’, it is completely separated from them b3" precipitation with HsSiFf;. 

Titanium. — The chief commercial source of titanium is ilmenite, from which it is 
recovered by dissolving in concentrated sulphuric acid and then adding sodium 
chloride to the concentrated solution to throw down sodium-titanium sulphate. 

Alkaline h3'droxides or carbonates precipitate titanium l^^droxide from solution, 
a bulk3^ gelatinous proedpitate. The metal can he produced from the oxide by the 
'rhennit reaction. 

Hid Carterct-Dcvaux process for the production of the metal is to reduce ore al 
red heat with coal, then to heat tlic reduced mass with chlorine gas at graduall3' 
increasing temperatures, distilling off successively iron, silicon, and titanium. 

In the preparation of pure titanium from the cliloride IMaurice Billy recommends 
sodium hydride for the precipitant.- TiCl^ + 4NaH = Ti -b 4NaCl -{- 2H2. The 
purified oxide can also be reduced b3' heating in a current of li3"drogen gas. George 
F, Comstock^ says that Ti02 can be successfull3" reduced b3’ Ka and Ca, but not 
1)3” Al. TiCh can be reduced b3” Mg in an atmosphere of argon. 

Bill}” states that b3” reducing titanium dioxide with titanium it is possible to obtain 
the following: 

Between TOO-SOO^C., a blue oxide, TijOs. 

BetAveen 900-1000^0., a violet oxide, TijOa. 

* White and TnAVEiia. Jour. Soe. Chem. Jnd., Vol. 21, p. 1012, 1902. 

5 .Ann. cAtm., July-AuRuat, 1921. 

> Mttala it Alloy t, Vol. 9, pp. 2S0-290, 314-318, 193S. 
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Bctworn 1100-1200’C , a bhck oxide 1 ijO< 

Between 1400-1 500'C a brown oxide liO 

Titani im tctraehlondc is an important smoke-screen compound through jfs 
hydrohsiH with the water sapor of the air 

Titanium is. important as an alloj metal for permanent magnets, using 15 to 30 
per cent T i 1 to 5 per cent Mn 0 6 to 1 2 per cent C , w itb or w it bout 2 to o per cent of 
( T Steils. containing 10 to 30 per cent < r, 5 to 12 per cent Ti and 3 to 5 per cent Mo 
are s iid to be highly resistant to corrosion 

I Itanium is brittle when told but can be forged at n d heat fco far it has prosed 
impossible to draw it into v. ire It m intcresiinR that in the iron blast lurnare 
titaniferous ores give copper colored cubes of Ti(C\)j 31i|N» in the slag 
Victonum — A metal reported bj Crookes apparently gadolinium 
Ytterbium — See Europi im abos e 

Yttnum — ^This metal forms a soluble double alkali sulphate and is among the 
more soluble double nitrates (c/ pages 681 and 682) Probably the best separation 
from the other members of the > ttriura group (Dj , IIo Pr, Tm A b and Lu) is the 
classic fused nitrate method (see page 0S2), but fractional precipitation as the 
cobalticyanide or as the nitrite [using l\jCo(CN)i for the precipitant with the first 
and \aNOi for second! gucs fair separations The ^t remains in solution Irac 
tioiial precipitation with potassium chromate docs not remoie erbium or holmium 
the nitrite docs 1 ttnum mixed metal can be produced bx decomposing the anhi 
drous chlorides in tacuo w ith sodium or b> electrolj sis of the mixeil chlorides It is a 
blue gray color and dis ntegratea in time to pow der espeeiallj if exposed to moist air 
The clement denies its name from the Swedish town of "itterbj Atomic weight 
88 92 meltmg point about 1490*C 

Zirconium can be produced by the reduction of ZrCli with metallic sodium It 
alloys well w ith N i CM Au VI Mg and \V The oxide ZrOj becomes practical!} 
insoluble on strong ignition m ever} acid except h} drofluoric, and doubtless the con 
(hctiiig statements as to solubility merrh reflect differences m ignition temperatures 
The specif c gravit} of the metal is about 6 4 

Bru^re and ( hauvrnet si} there is but one nitride (Zr»'N 4) In reducing atmos- 
phere the oxide has a strong tcndonc} to form carbides 

It is said that a pure ZrOj can be obtained b> heatmg zircon with !>(; times its 
weight of carbon to wlutincss then treating with dilute sulphuric acid and filtering 
ZrfSOi)* IS in solution 

The acetate is ippjreritl} a h}drophilic colloid ‘ It is soluble in water m all 
iiroportions can bi hiUcd from its aqueous sohtfions like soap and when shaken lie 
solution lathers quite freely 1 laporatioii of tbo solution cnu*.es no ciy sf alliration 
but results m an amorphous mass resimblii g gilatin Solution of tl c residue from 
this evaporation takes place xcr} much after the manner of the solution of gclatm 
with first a swelling and softenmg and then a gradual dissemination of this gcltbioush 
the liquid It is m the exploitation of these peculiar properties of the zirconium 
compounds that the most important mdustrial applications ma} jet be found The 
h}droMde is a strongl} adsorptne compound 

Salts of the metal hj drol} ze strongly, and Bodd* ssx-s no normal salt exists m 
aqueous solution Also the extent of the hi drol} sis seems to depend on the method 
b} which the salt was prepared 

Zixcotuum is precipitated from its weakl} acid solutions by sodium Ihiosulphalf 
The phosphate precipitates in strong mineral acid solutions but the precipitate is 
difficult to wash and can be broken up only b} fusion with caustic soda 

» NoHAiiAKEa Chem, Mtt Eng July 28 jO'ii 
tChtm “Soe Vol III p 396 1917 
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Por extracting Zr02 from the ores, Marden and Rich say that for commercial 
extraction the best method il to heat 1 part of ore with 4 parts of concertrated sul- 
phuric acid until fumes have ceased and then raise the temperature to 650°C. After 
cooling, extract with 50 parts of cold water and filter, then add sodium carbonate until 
Zr(OH )4 just begins to form. Allow the solution to stand 3 or 4 days, during which 
4Zr02.3S03.14H20 will gradually settle out. This is ignited to give Zr02.^ 

Another method recommended for the treatment of zirkite is to sift 100-mesh 
material into a fused mass of 3 parts sodium carbonate and 3 parts sodium hydroxide. 
Fuse for 1 hr., cool, crush, and leach with hot water. The washed residue is then 
digested with 1:1 HCl and the solution filtered. Neutralize with soda ash as far as 
can be done without precipitation, and pass SO 2 into the hot solution. 

Zirconium melts about 2800°C., above Mo and close to Ta.- The melting point 
of the oxide is given anywhere from 2560 to over 3000°C. If the metal actually melts 
at 2800^0., the higher value for the melting point of the oxide would seem correct. 

A. J. Phillips® says the best way to produce ZrC^ is to bubble Cl 2 through hot water 
and then pass the moist gas through a retort heated to about 500® C. and filled with 
small balls of zirconia and petroleum coke. The following table of chlorination 
temperatures is given. 


CiinoniNATioN nr IMhctures of Ci *2 and CO 



CO in excess 

CI 2 in excess 

ZvOi 

480 

425 

SnO. 

400 


MgO 

475 


AhO, 

450 


Fe20s 

460 

370 

CraOj 

625 


MnOj 

460 


u.o, 

500 



Treatment of Platinum Concentrates. — In general, the recovery of the platiuum- 
groixp metals is based on their solution in aqua regia and their recovery as doiiblc- 
nrnmonium chlorides. 

In the treatment of crude platinum concentrates, the first step is a 24-hr. leaching 
with 3 1. of 20°Be. hydrochloric acid and 1 1. of 35°J3e. nitric acid per kilogram of 
platiniferous material, keeping the mass (hold in porcelain vessels) at 80°C. Tlw 
insoluble residues from several portions thus treated Avill ordinarilj^ be combined and 
treated again in the same manner for the recovery of further platinum. Tlio. insoluble 
residue from this re-treatment is eventually treated for the recovery of iridiinxi and 
osmium (sec pages 702-703). 

The solution is decanted from the insoluble residue and evaporated with the 
addition of about 1 1. of hydrochloric acid to each 6 or 7 1. of first solution. The 
e.vaporation should be carried to 140 or 150®C., in order to alter the iridium to such a 
form that it will not precipitate with the platinum in the next step. 

Rcdissolve the evaporated mass in hot water, and allow to stand for a few hours. 

**rour. Ttid, Enff. Chtm,, Vol. 12, p. O.jl. 

^Coorr.n, Hcaii S,, Joxtr, .4m. EUctrochem. Soc., 1923, p. 222. 

* /our- .Im. Ctram, Sne^ 
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Usually a residue of gold and platinum uill separate out This residue should Ic 
calcined, redissolved m aqua regia, and the gold throvfu doum with HNaSOt after 
evaporation with additional hj drocfiloric acid Terrous sulphate can also be used 
rhe filtrate from the gold is added to the original platinum solution 

The platinum solution is then brought to SCBd (ordinarilj it will he stronger 
than that), and a 30 per cent ammonium chloride solution added, 2 1 of aramomum 
chloride solution per liter of platinum solution, pourmg it in graduallj with energetic 
stirring 

Allow to stand about 3 or 4 hr , not longer, or indium will begin to separate, ard 
then filter o5 the precipitate and wash w ith 20 per cent ammonium chlonde solution 
about 1 1 of wash solution bcuig used for each 2 1 of original platinum solution The 
precipitate should be canary yellow ^ 

The precipitate is dried in crucibles and is then cakined about 8 hr at brtneei 
700 and 800’C , the heat being raised graduallj Tused silu a w arc is best for this as 
even 1 per cent of iron in a clay crucible contaminates the material w ith iron The 
atmosphere should be strongly reducing 

The product of this calcination is known as ' platinum moss ' It is crushed in a 
mortar and boiled in 1 5 hydrochloric acid to remove any adhermg iron 

If the moss is to be used to produce an agglomerated mass of platinum it should be 
calcmed at an even higher temperature, but tlic temperature given is suflRcicnt if it 
13 to be used for platinum salts 

Iridium Recovery — ^\^len the solution from the precipitation of platinum with 
ammonium chloride is left standing the indium at length comes down as (An»)»IrCl« 
This 13 filtered, washed, dried, and calcined, gi\ mg indium moss The indium moss 
13 then treated wuth dilute (i e , I 3) aqua regia, in which the platinum dissohes and 
indium remains insoluble The platinum solution goes back, mto the first stage of 
the process, while the decantate filtrate, and w ash waters from the iridium precipita 
tion are treated with zme and sulphuric acid, or cast iron and sulphuric acid, throwing 
down all the heavy metals remaining in solution This precipitate is known as 'fii^t 
blacks ' See also the ‘ lead separation on page 704 

This 13 filtered over a vacuum, w ashed, dried, and put m a bone-ash cupel and 
roasted in a muffle A treatment with 1 5 H JSO4 will then rcmo\ e the copper, gu mg 
cleaned blacks w Inch arc washed by decantation 

Ihe cleaned blacks are then heated with dilute (1 3) aqua regia, giving Pt Pd 
and traces of Rh and Ir m solution, and Ir and Rh m the residue (insoluble blacks) 

■Kitrates are removed and the platinum throwm down from solutions as was dis- 
cussed under Treatment of Platinum Concentrates, on the preceding page The 
platinum thus produced is Known as ‘ black platmiim ” The filtrate contams lead 
rhodium, and iridium These are thrown down agam with soft iron or zinc and 
sulphuric acid, the precipitate bemg known as "second blacks,” the second blacks then 
being roasted and cleaned with HCI (1 3) and redissolved m aqua regia hvaporalc 
to a spongy consistency with addition of HCl to get nd of the nitric acid compounds 
then dissohe the spongy mass in ammonia water Add hjdrocWonc acid to aci! 
reaction, and jellow {Nll0iPdCI( should come down The filtrate carries rhodiam 
and indium, which should be added to the solution from the insoluble blacks * 

*Thotnaa A. Wright «»5iS the jireeipit^te will become contaminated wilh palladium on atand ng and 
wiU be reddiah brown and that it ahould not etand over 5 to 10 imn Further footnotes » gned T A » 
are by Mr Wright 

•To effect the precipitation of platinum with Nil, Cl it is alwajs necessary to remove completely 
the HNO,. Otherwise palladium and mdium are precipitated also Although palladion when 
present in appreciable amounts is precipitated with plaUnum whether HNOj is present or absent in 
the last case it is one of occlusion Palladium forms two salts with NH,C1 that of the higher state « 
oxidation being rnaoluble m excess of NH,C1 that of the lower state of oxidation be ng soluble 
TAW 
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Treatment of the Insoluble Blacks. — The insoluble blacks are inbced with three 
times their weight of BaOs and strongly calcined in a coke furnace for 5 or 6 hr. 
Na202 may also be used, taking five to ten times as much as there is of the residue. 
It is best to use fresh Na202 containing little CO 2. 

The mass is ground and dissolved in 15HC1: 2HNO3, using 4 1. of the mixed acid per 
kilogram of the mixture of blacks and barium peroxide. The solution should be feebly 
red. 

Evaporate in porcelain to dryness so as to render insoluble the silica which has been 
introduced by the barium dioxide treatment. Redissolve in hot water, adding a little 
of the 15HC1: 2HNO3 mix already used. Settle and decant, and wash the silica residue 
with hot water. 

The consumption of acids can be lessened hy leaching the barium dioxide fusion 
with hot water, discarding the solution, and treating the insoluble residue with the 
15HCi:2HN03 mixture. 

Precipitate the barium in the solution with H2SO4 and filter off the solution. Heat 
the barium-free solution in porcelain on a sand bath, graduallj^ adding NH4CI to 
saturation. Use about 300 g. of the salt per liter of liquid. After 3 or 4 hr. a purplish 
black precipitate of (NH4)2lrCl6 comes down. Filter and wash until the filtrate is 
only slightly colored. 

The filtrate contains rhodium. It is treated with zinc or iron and sulphuric acid 
to produce crude rhodium (“rhodium blacks”)- 

Production of Osmium. — Melt the insoluble residues from the original platinum 
treatment with four or five times their weight of pure zinc, and then heat for several 
hours at a white heat to distill off the zinc. The fumes from this distillation contain 
osmium and should not be inhaled. 

Powder the residue from tliis zinc treatment, and mix with throe times its weight of 
Ba02. Pulverize the “moss” thus obtained. Wash and dry. A train of Wolff 
l)ottlns is then arranged. The first has three outlets, one used to let in a mixture of 15 
parts HC1:2HN03, as required; the second is used as a steam inlet, and the third 
connects to the receiving train. In practice, this flask is large enough to contain 10 
kg. of moss; 15 1. HCl; 2 1. HNO3. The moss is placed in the bottle and the train 
connected, the acid in the above quantity admitted and steam then passed in, the 
bottle itself being heated. The receiving train consists of five bottles of the same 
size, in series, the first three containing water, the fourth NaOH, and the fifth Na2S04. 
Osmium distills; iridium and ruthenium remain behind. 

The iridium liquor remaining behind is precipitated hot with ammonium chloride 
as already described under treatment of the blacks. The ammonium chloriridate is 
washed, filtered, dried, and calcined to moss, which is cleaned with 1:3 aqua regia. 
Platinum and palladium that have been carried along this far will dissolve and can be 
returned to their appropriate place in the cycle. 

Take the solution of the osmium in water in porcelain, add NH4OH to alkalinity, 
and licat for IJ^ hr. Filter, wash, dry, and roast the precipitate to metallic osmium. 
Ix)ok out for the fumes, which are dangerous. 

Iridium-ruthenium Separation. — Reduce the ammonium-iridium chloride to 
“moss.” Bring a mixture of 3 parts KOH and 1 part KNO3 to a quiet fusion and 
slowly add 1 part of the moss by weight and hold at a dark-red heat for 1}^^ to 2 hr. 
Cool and treat the melt with cold water. Na202 can also be used and some consider 
it preferable. 

K2RUO4 dissolves; the iridium is practicallj^ insoluble. The ruthenium is then 
precipitated with zinc.^ 

' Sec /our, Atn. Chrm, Soc„ December, 1925. Two articles by James Lewis Howe and associates. 
^eI)aration of ruthenium and solubility of certain of its salts. 
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Becanl and wa^h tho indixim tmUi wiliuni cldonip until solution is no loiiRcr rid 
Take the insoluble residue and clean it u ith \ cr\ dilute li> drochlonc acid and calcine 
Wash with hot water and very dilute hvdrochlonc acid Strong hjdrochionc acid 
carries indium into solution Give the insoluble residue a dead roast on tlie filter ' 

fake the filtrates and wash waters from all the ^bo^c trenlincnts and bring 
everything down as ‘ blacks ” Wash and calcine, then dissolve in 1 3 aqua regia* 
This dissolves the platinum palladium, and gold* and Icaccs an insoluble residue of 
Thodium and ruthemum lice gold is precipitated w ith sulphur dioxide after e\ apo- 
ration w Ith additional hj drochlonc acid,* and the solution then treated w ith zme and 
sulphuric acid, the precipitate, after calcining and cleaning with HCl, being almost 
pun palladium providing the original separations have been carefully made 

Melting of the Plabnum Metals — Tliesc metals are all best melted m a crucible 
made of quicklime with a coaer of the same material Platinum, like ailier, absorbs 
a relatively large quantity of gen w hen molten After melting the platinum, this 
can be burned off b) reducing the oxj gen blast and allow mg an excess of gas to enter 
the furnace Palladium is still w orsc 

Lead Separation of Platinum and Indium * — The metal is melted with ten timi'* 
its weight of pure lead m a covered graphite crucible, m which is also placed enough 
powdered wood charcoal to cov er the melt about 1 in • The heating is conducted m a 
furnace and should be continued at red heat for about 2 hr After the alloj has 
cooled, it 13 removed and the charcoal washed off The metal is then treated with 
successive portions of dilute nitric aLid (1 to 5) durmg 4 or 5 hr (it is well to let it 
digest overnight) The solution which contains the lead and some platinum u 
separated by decantation through a filter the residue, containing indium and plati- 
num 13 washed with dilute nitric acid and then with hot water The filtrate and 
washings are evaporated until crvstals begin to form, then sulphuric acid is added 
until no further precipitation takes plaee a little more being added to be sure of an 
excess Hic white precipitate containmg part of the lead as sulphate is removed 
bv filtration and washed with hot water llie filtrate is cvaporateil on a sand bath 
until copious white fumes come off then it is cooled and water is added fie loll 
solution IS filtered and the white residue contaming the rest of the lead is washed with 
water 

The filtrates and wash waters are cv aporated just to drvTiess and are treated with 
h 3 drochlonc acid after which the platinum maj be recovered as ammomum chlor 
platmatc or b> precipitation with metallic zinc anil hvdrochlonc acid 

fhe residue from the nitric acid extraction containing the indium and the rest of 

> It u v«ry difficult 10 wash out fhe ruthenium jatt» with Bod um hjroohlonle »nd dunug the opera 
tion ruthenium is volatilize J and lost The wsshing la beat done by decantation »*in filtering through 
paper the latter becomes clogged bv ruthenium reduced by the carbonaceous matter of the filter Tbs 
ruthenium is better prec pitated wnth magnea ura ribbon but keep the solution acid or it mil be d IScult 
to remove the magneaium sal fa A1wa}i waah all platinum group metals precipitated aa sich wlh 
acidified water and in the case of both find) divided residues and precipitate it is beet to use paper 
pulp m filtering — T A 'W 

* Palladium u soluble with difiicuUv when oxidized It should bo reduced after calcining — ’T A W 

* It also dissolves some thodium Note that when finely dividecl fleshly precipitated and umg 
n ted and undried these metals are the most readily attacked with acids When eompset o* 
Ignited indmm ruthenium rhodium and osmtuni are d fficultly soluble This is the diet netion which 
the literature very often fails to make therefore the cause tor so-called eonflictmg sUtcmSnts Of 
general interest also is the fact that rhod um is found in moat all of the aqua regia solut ons rutbeaium 
and osmium rarely — T A 11 

‘ Au precipitates thrown down with SOi are contaminated with palladium and copper if the latter 
are present ui any quantitj — T A W 

‘FromMelhodsfortheneeovery of Platinum Indium etc from Jewelers Waste If .5 Bttr Jf'"** 
Tee* Paper 312 

* A porcelain crucible costed with lamp black may be used — T A W 
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the platinum is treated for several horirs with a mixture of 1 part nitric acid, 4 parts 
hj'drochloric acid, and 9 parts water at a temperature of 80°C. It is well to let this 
reaction go overnight. The residue is filtered and washed with hot water and is then 
melted again with lead and treated as before to remove the small quantity of platinum 
that may still be present. 

Osmium Poisoning. — The metal osmium must be handled with great precau- 
tions, It oxidizes slowly at room temperatures when finely divided or powdered, 
and the oxide appears to have a sufficient volatility at ordinary temperatures to 
make the presence of the powdered metal in the room poisonous to some people. 
The oxide melts at 40°C. and boils at about 100°C. It is highly irritating to the 
mucous membranes and to the eyes. While the blindness (or in light poisoning cases, 
the intense smarting) is usually believed only temporary, and no permanent bad 
effects arc ascribed to osmium fumes, Schoeller and Powell state that the oxide is 
reduced to metal by contact with the tissue ^*and the metallic film thus deposited on 
the cornea produces permanent injury to the eyesight.'' Osmium fumes should, 
therefore, be kept as much as possible under a hood, and close-fitting goggles or a gas 
mask should be worn bj’' anyone exposed to them. 

OsO^ reacts with hydrochloric acid of 1.16 sp. gr., but not with weaker solutions, 
forming OsCU. 

Ruthenium. — R. A. Cooper ‘ says that ruthenium fumes, like those of osmium, 
are hard on the eyes of anyone working with them. The Ru 04 begins to volatilize 
at about 600°C. 

A concentrated solution of RuO^ will dissolve with concentrated NH 4 OH to form 
gray-brown (NH 4 ) 2 Ru 06 . RUO 4 reacts with HCl of over 1.160 density to form RuCU, 
but does not react with acid below that strength. 

It should be noted that the methods here given for the treatment of the platinum 
metals are essentially The same as presented by Louis du Parc in '^Le Platine du 
Mende," referred to in Chap. XI. 

* Jour. Chem. Met, Soc. S, Africa, Vol. 22, p. 152, 1932. 
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METRIC-ENGLISH EQUIVALENTS 


Length 

1 ft. = 0.30480060096 xn. 

1 in. — 2.540005 cm. 

I m. = 3.28083 ft. = 39.370000 in. 

Area 

1 sq. in. = 6.452 sq. cm. 

1 sq. ft. = 0.09290 sq. m. 

1 sq. yd. = 0.83613 sq. m. 

I sq. m. = 1.1960 sq. yd. = 10.764 sq. ft. 
1 sq. cm. = 0.15500 sq. in. 


Volume 

1 cu. yd. = 0.764559445 cu. m. 

1 cu. ft. = 0.028317 cu. m. 

1 cu. in. — 16.3872 cc. 

1 cu. ft. == 28.316 1. 

1 cu. in. — 16.3867 ml. 

1 cu. m. — 1.3079 cu. yd. 

1 cc. = 0.06102 cu. in. 

1 1. = 61.025 cu. in. = 0.035315 cu. 

ft. 


Mass 


1 lb. (avoirdupois) = 0.4535924277 kg. 

1 oz. (avoirdupois) = 28.3495 g. 

1 oz. (troy) = 31.10348 g. 

1 dram (5 =3 3, apoth.) — 3.887935 g. 

1 kg. ' = 2.20462234 lb. (avoirdupois) = 2.67923 lb. (troy) 

1 g. = 0.035274 oz. (avoirdupois) ~ 0.032151 oz. {troy) 

= 15.4324 grains 


Capacity 

1 qt. (liquid) = 0.94633307 1. 

1 qt. (dry) = 1.1012 1. 

1 1. = 1.05671 qt. (liquid) = 0.9081 qt. (dry) = 33.8147 fl. oz. 

1 fl. oz. = 0.0295729 1. ^ 1.80469 cu. in. 

Note. — 1 gal. (liquid) = 231.0 cu. in. 

1 bu. (dry) = 2,150.42 cu. in. 

11. = 1,000.027 cc. 


Energy 


1 hp. 

1 kw. 

1 ft.db. 

1 poundal 
1 gram's weight 
1 pound’s weight 
1 hp.-year 
1 lav.-jnr. 


= 0.746 kw. ~ 33,000 ft. -lb. per min. 

= 1.341 hp. = 1,000 joules per sec. 

= 1.383 X 10^ ergs = 1.383 joules = 0.1383 kg.-m. 
= 13,825 dynes. 

~ 980 djTies. 

= 444,518 d>mcs. 

=? 6,535 kw\-hr. 

= 11,747 hp.-hr. 
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NONlhltnoVS ULTALLUItOY 

iNTEIlKATiOVAL ATOMIC WeICHITS, 1013 


Element 

Sy nitml 
and 

IV eight 

\a.\^ 

Elect r<i- 
chem eqiiir* 

hr 

Melting 
points 
deg C 

Bftiling 
pointa 
deg C 

cbulLti m 


Al(13) 

26 D7 

3 

0 3355 

6*.8 7 

1800 0 


Sb{51) 

121 76 


1 5Ui 

030 0 

1460 0 


A(t8) 

39 0 

0 


-189 3 

-186 0 


ta<31) 

74 91 

3 

0 9318 

8r0 0 

450 0* 

Barium 

BaC'iO) 

137 36 

2 

2 5619 

850 0 



Bed) 

9 02 

) 

0 IbSl 

128 > 0 



BK8H 

2()'» 0 

1 

2 S9J2 

271 0 

mo 0 


H(S> 

10 82 

J 


23.0 0 

3 >0I)< 


Br(3<) 

79 92 

1 

2 9814 

-7 3 

58 7. 

CadTnium 

1 cddS) 

1 U2 41 

! ^ 

2 0'274 

32ft 9 

778 « 


■ Ce(55) 

! 132 01 

i 

j 

21 ft 



ra(2[)) 

; 40 08 

J 

! 0 7478 1 

810 0 



: r(0) 

1 12 01 


0 lllS 

>3W)0 0 

e>7<MJ ti 


rc(5S) 

140 13 


1 7426 1 

623 0 


Chlonne 

Cl (17) 

35 40 

* 

1 3230 

-nil 5 

-37 b 


Cr(24) 

i>2 01 

3 

0 6170 

1320 to Me 

22W) 0 


Co(27) 

68 94 

3 

1 1000 

1610* 



Cb(41) 

92 91 



1950-2200 



Ciil2a) 

63 57 

2 

1 18u8 

1083 0 

2100 0 

DysprosiuJU 

Dj (Ob) 

163 4b 

3 




Erbium 

Er{68) 

167 2 

3 




Europium 

Eu(63; 

152 0 

3 




Fluorine 

FW> 1 

19 0 1 


0 7085 ' 

-223 0 

-m « 

Gadolinium 

Gil(54) 

156 9 j 

3 




Gallium 

Ga(31) 

60 72 

3 


39 1 


Germamuin 

Ge(32) 

73 6 

4 


9o8 0 


Gold 

Au(79) 

197 2 1 

3 

2 4522 

1063 0 

2100 0 

KalniuTH 

1H(72) 

178 6 





Helium 

Ue(2) 

4 003 

0 


-271 9 

-268 8 

Hclvetium 

Hv(85) 






Holmmm 

no{67) 

164 04 





Hydrogen 

M(l) 

1 008 

1 

0 03761 

-259 0 

-2n2 8 

Illinium 

11(61) 






Indium 

In(49> 

114 70 

3 

1 4271 

154 5 

1000 0 

Iodine 

1(53) 

126 92 

1 

4 7353 

114 0 

184 35 

Irtdium. 

It(77) 

193 1 

4 


2300 0 

2850 0 

Iron 

Fe(26) 

55 85 


1 0416 

lo30 ± 5 

2430 0 

Krypton 

Kr(36) 

83 70 

0 


-169 0 

-151 7 

Lanthanum 

La(57) 

13S 92 



810 0 


Xead 

Pb(82) 

207 21 

2 

3 8651 

327 4 

1525 71 

I ithium 

Lt(3) 

6 94 

1 

0 2589 

186 0 

500 0 

Lutecium 

Lii(71) 

174 99 

3 




hlagne'ium 

Mg{12> 

24 32 


0 4o36 

6i>I 0 

1120 0 

hlanganesc 

Mn(2‘)) 

54 93 

2 

1 0255 

1260 ± 20 

1900 0 

Maaurium 

Ma(43) 






Mercury 

Hg(80) 

200 61 

j 

7 4840 

-38 87 

357 0 

Molybdenum 

Mo{42) 

9> 95 

2 

1 7903 

2550 0 

3330 0 

Neodymum 

Nd(60) 

144 27 

3 


840 0 


Neon . 

Ne(lO) 

20 IS 

0 


-253 0 

-245 9 


'In these cftgra m which a metal has two saletices the Valence given eorreeponds to the eSectio- 
chemical equivalent and may not neceagarily be the commoner one 
•SubUinea • Commercial metal about 1480‘“C 
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International Atomic Weights, 1943. — {Continued) 


Element 

Symbol 

and 

atomic 

member 

"Weight 

Val- 

ence' 

Electro- 
chem. equiv- 
alents, g. 
per amp.- 
hr. 

Melting 
points, 
deg. C. 

1 


Nickel 

Ni(28) 

58.69 

2 

1.0951 

1452 ± 3 

2450.0 

Nitrogen 

N(7) 

14.008 

3 

0.1742 

-210.5 

-195.7 


Os (76) 

190.2 

4 


2700.0 

2950.0 

Oxygen 

0(8) 

16.00 

2 

0.2985 

-218,0 

-183.0 

Palladium 

Pd (46) 

106.7 

2 

1.9903 

1550.0 

2540.0 


P(15) 

30.98 



44.1 

287.0 

Platinum 

Pt(78) 

195.23 

4 

1.8206 

1755.0 

2650,0 

Polonium 

Po(84) 

214,2 

4 

1.9586 



Potassium 

K(19) 

39.096 

1 

1.4590 

62.3 

667.0 


, Pr(59) 

140.92 

3 


940,0 


Protactinium 

Pa (91) 

1 231 

5 





Ra(88) 

226.05 

2 


1 900.0 



! Rd(86) 

222.4 

0 


1 -71,0 

-62. U 

Rhenium 

Re(75j 

186.31 

4 




Rhodium. 

Rh<45) 

102.91 

3 

1.2797 

1940.0 

2750.0 


Rb(37) 

85.48 

1 


38,0 

696.0 

Ruthenvum 

Ru(44) 

101.7 

4 


>1950.0 

2780.0 

Samarium 

Sa(62) 

150.43 

3 


1350,0 


Scandium. 

Sc (21) 

45.10 

3 


1200. 0(?) 


Selenium 

Se(34) 

78.96 

2 

i!4733 

218.5 

690.0 

Silicon. 

Si (14) 

28.06 

4 

0.2618 

1420.0 

3800.0 

Silver 

Ag(47) 

107.88 

1 

4.0245 

961.0 

1955.0 

Sodium 

Na(ll) 

22.997 

1 

0.8579 

97.5 

742.0 

Strontium 

Sr(3S) 

87.63 

2 

1 . 6333 

>Ca<Ba 


Sulphur 

S(16) 

32.06 

2 

0.5980 

122.8-119.2 

444.5 

Tantalum 

Ta(73) 

180.88 

5 


2860.0 


Tellurium, 

Te(52) 

127.01 

2 

2.3803 

451.0 

1390.0 

Terbium 

Tb(65) 

159.2 

3 




Thallium. 

Tl(81) 

204.39 

1 

7.6249 

302.0 

1700.02 

Thorium ' 

Th(90) 

232.12 

4 

2.1049 

>1700,0 <Pt 


1 

Thulium 

Tm(69) 

169.4 

3 




Tin 

Sn(50) ' 

118.7 

2 

2.2141 

231.9 

1 2270.0 

Titanium 

Ti(22) 

47.9 j 

4 

0.4490 

1795.0 ± 150. 

! 2700.0 

Tungsten 

w(74) ; 

183.92 

6 

1.1493 

3267.0 

' 3700.0 

Uranium 

U(92) 

238 . 07 ; 

4 


Near Ivlo. 

1 3100 0 

Vanadium 

V(23) 

50.95 

5 


1720,0 ± 20.0 

i 

Xenon ' 

Xe(54) 

131,3 

0 


— 140.0 

i —109,1 

Ytterbium 

yb(70) 

173.04 i 

3 


1800. 0(?) 


Yttrium 

Yt(39) 

88.92 

3 


1490.0 


Zinc 

Zn(30) 

65.30 

2 

1.2199 

419.4 

1 918.0 

Zirconium 

Zr(40) 

91.22 

i 

4 


1700. 0(?) 





j 


Note, — The hypothetical coronium, supposofl to exist in. the solar corona, has latcb' born shown 
to be highly ionized nickel, calcium, and iron. 

'In those cases in which a metal has two valences, the valence given corrcspondfi to the electro 
chemical equivalent, and may not necessarily be the commoner one, 

' .fUao given as 1280°C. 
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IfOiiFEltROliS MLTALLVRGY 


Tm Atomic. Numbbus 


(The arraogeraent id like that of a loganthimc table. ITie first figure of thcnum- 
ber js given by column 1, the second figure by the numbers at the tops of the columns ) 



0 



3 

4 

5 

G 

7 

8 

9 

0 


11 

He 

Li 

Be 

n 

C , 

N 

0 

r 

1 

Ne 

Na ; 

Mg , 

AI 

Si 

p 

s 

Cl 

A 

K 

2 

Ca 

Sc 1 

Ti 

V 

Cr 

Mn , 

Pc 

Co 

Ni 

Cii 

3 

Zn 

Ga 

Go 

As 

Sc 

Br 

Kr 

lib 

Sr 


4 

Zr 

Cb 

Mo 

Ma 

Ilu 

Kh 

Pd i 

Ag 

Cd 

III 

5 

Sn 

Sb , 

Tc 

I 1 

Xe 

Cs 

Ba 1 

I.a 

Ce 

Pr 

6 

Nd 

1 

Sm 1 

Ku 1 

Gd 1 

Tb 1 

Dy 1 

Ho 

Pc 

Im 

7 


Lu 1 

Ilf 

Ta 1 

W , 

He 

Os 

Ir 

Pt 

All 

8 

Hg 

TI 

Pb 

Bi 

ro(?) 

» 

Rd 

> 

Ra 

At(0 

» 

Th 

Pa 

' ^ 









I Named niiiiJuin by the diecoveren B S tloiikme J A. Harris and L. T Votcmo. I robably 
Holla « florentium 

J Possibly helvetIum—Df TValther Minder 
* Possibly virtinium — Dt I MUson 


I/juilibridm Conditions Fon Slt.piiates 


FcrfSOa),?^ 

Al,CSO,),i=i 

2CuSO«ri 

2CuO SO,?:! 

ZnSO,?s 

re,0, + 3SO, 

A1.0, + 3SOj 

2CuOSO, +SOi 
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Monel metal, 610 

chemical properties and uses of, 611 
physical properties of, Oil 
Multiple refining (electrolysis), 258 
Munktell process, Au, 337 
Muskat chlorination proces'?, Cr, 548 
Sn, 548 

N 

Nebulium, 690 

Neodymium, 690 

Ncothulium, 690 

Neoytterbium, 090 

New Caledonia ores, smelting of, 595 

New Cornelia Copper Co., 361 

New Idria furnace, Hg, 481 

New Idria plant, 506 

New Jersey Zinc Co., distillation j)roee.ss, 406 
Newnam meehanieal oie lieartb, 185-188 
Nickel, 593 

alloys, 612, 013 
bibliography, G14 
Canadian smelting, 597 
carbonyl decomposition, 002 
carbonyl process, 005 
chlorine process for, 555, 605 
Coniston plant, 598 
direct-smelting to metal, GOO 
effect of, on copper, 274 
electrolytic rccov’^crj’’, 600 
electroplating, 610 
Freeport Sulphur process, 604 
Hybinette process, 602 
International Nickel Co., 597 
malleable, 608 
mechanical properties, 608 
Mond process, 600 
Monel metal, GIO 
ores, 593 

oxidized ore treatment, GO I 
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Nickel Port Colborne 0|>er»tiona 509 
properties 607 
reduced, 606 

selective sulpl alizing 60^ 
separation from cobalt 589 
amtering ores 599 
starting sliest nismitacturs 600 
sulpbur dioxide leaching 600 
top'Snd bottom smelling <197 
Nickel-eteels 612 
Niobium 690 

Nithack I roceae manganese 674 
Nitrates eKect ol on iinc dei>0“illon 430 
Nitric acid leach for U» 641 043 
Nitrogen dioxide process Mn 581 
Numbers atonuc 710 

0 

Okazawa alumina process 12 
Ore hearth emeltmg lead ores in 179 
Osmium poisoning 70o 
Osmium production 703 
Overpelt proc»a9 line sintering 447 
Oxide ores smelting of Uti mefaU lists 1 sepn 
rately) 

Qxsde volatiluatuia 549 

Oxidized ores nickel recot cry methcKis Pltl 
Oxygen effects of on coi per 274 
Oxj gci»*free copper 27* 


Pachuca tank 396 
Paez aDoys 27 

Pan amalgamation process 625 539 
Parkes process lb 201 209-211 
Parung 27o 
sulpbuiic aciA 276 
Patera process 337 Sl9 
Patio process 517 52o 
1 attinson process 210 215 
1 edersen process alumina 11 
I eniakoff metho 1 aliiiuina 10 
I erosa process beryllium 71 
Pi Igeon process sodium in 7 j 81 
1 incl I Lake B C q ncksiher j ! ii t 508 
I lUl blende treatment of CIO 
J laiit cost electrol) tic II c 431 
qmeksilv“r 504 
1 latuig chromium 563 
nickel 610 

Platinum eoncentratea treatment of 701 
Platinum and iridium lead separation of 704 
melting 704 
recovery from Au 287 
reCmng 287 

Planner process Au 520 531 
Plumbates and plumbites 152 
PohlS-Croasdale volatuation process, 523 544 
Poisonuvg cyanide ZZa 
mercury, 515 
oenuum 70S 
nitheoium, 705 
Poling 253 674 


Port Colbome cperaiions nickel refining sgo 
I’ort Pifle Australia lead softener 196 19g 
Potassiiiro explosive comiound of 81 
metallurgy 81 
occurrence 80 
Prose otlym turn C90 
Precipitant* for gol 1 aluminum 326 
carbon 329 
sodium amalgam 32 g 
Kodum sulil ide 329 
tlRC S^O 

sino dust 327 
sineshaslug 32T 

Precipitation of copper by electroliiis 356 
of gold by electrol) sis 335 
ts ith hydrogen autpbidc 359 
with Iron 358 
with sulphur dioxide 359 
Pulp water and solids in 343 
Pulp formulas 341 
Purification Cu elec trolyte, 267 
Zn eleclroli tc 402 
lynte smelting 235 

Q 

Qiiclsilver (•« Mercury) 

R 

Radioactive elements 654 
actinium, 654 
meso then urn 654 
polonium 653 
radiolcad 055 
Radiolead 655 
Radium 637 
alkaline leach 043 
lioiUng off emanation 650 
bromide process, 646 
carnotite, 638 641 
electroscope 647 653 
fusion method for, 6o0 
I J drool lone acitkach 644 
Icadrcmotal 646 
measurement of enisnntion 648 
1 letsllurgy 637 
nature of, 639 
nitnc acid leach 641, 643 
occurrence of 637 
pitchblende treatment 040 
precipilation. of impurities 642 643 
refining operations 645 
shimng methods 644 
sulphuno acid leach 644 
uramurn precipitation 643 
vanadium precipitation 643 
Rankin process Cu 355 
Red Deni \lasVa quicksilver plant, SIO 
Reduction process Cu 234 
Reed Mines Calif quicksilver plant 509 
Reesa River ptotesa 340 


Polonium. 655 
Pope and Hahn process Cti 357 


Refining of antimonj 131 
ol blister copper 246 
of copper by electrcljsu 
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ReSriing, of gold» 275 
of lead, 194 
of sUver, 275 
of tin, 672, 675 

Regeneration, of copper electrolyte, 267 
of gold electrolj-lc, 282 
of zinc electrolyte, 402 
Residual cyanide, decomposition of, 325 
Residue treatment, 440 
ash fusion, gas producer, 442 
gold residues, 277 
IVaelz process, 441, 464 
zinc, 438 

Retorts, for ferrosilicon Mg process, 50 
for mercury reduction, 476 
zinc, 450, 452 
charging, 456 

Reverberatory furnace, antimony, 120 
copper, 237 
lead, 177 
tin, 669 
Rhenium, 690 

Rigg method of zinc sintering, 447 
Ri^don roasting piactice, 389 
Roasting, antimony ores, 110 
cfiloridiziiig, 519, 557 
copper, 229 

difTorential, of iron and zinc. 389 

mercury ores, 476 

oxidizing, 221 

radium ores, 643 

sulphate, Zu, 392 

sulphatizing, 605 

tin, 664 

Roast-reaction process, 178 
Roitzheim-Remy furnace, zinc, 465 
Roscoelite, GIG 
Rossie air-cooled hearth, 185 
Rotary furnaces, Hg, 488 
Rubidium, 690 
metallurgy, 85 
occurrence, 85 

production, prices, and uses, 85 
Russell process, Ag, 338 
Ruthenium, fumes, 705 
iridium separation, 703 
Ryerson process, manganese, 581 

S 

St. Joseph Lead Co., zinc process, 467 

Samarium, 690 

Sand and slime defined, 315 

Sardinia (Cortis Rosas), antimony sineRing, 115 

Scandium, 691 

Schlippcnbach roaster, zinc, 447 
Sclcron (alloy), 84 
Scotch ore hearth, 184 
Scolt aheU furnace, 482 
Sea water, gold in, 296 
magnesia from, 47 
Segregation process, 543 
Selective sulphatizing. 605 
Selenium, 691 

Series Bi’stcm of electrob'sia, 261 


Serpek process, alumina, 13 
bercung tanks, Hg, 499 
Shaker feeder, 487 
Shapele^'s process, tungsten, G27 
Side hill retorts, Hg, 479 
Siemens and Halake process, Cu, 35*1 
Silicates (slags) defined, 228 
Silicon, effects of, on copper, 274 
Silumin, 27 

Silver, amalgamation processes, 332 
brine leaching, 530 
bullion refining, 279 
effect of, on copper, 274 
manganese^silver ore treatment, 535, 577 
Moebius process, 279 
precipitating from sulphate solutions, 277 
pure, 291 
refining, 279 

Simpson process, Ni, 605 

Sintered nickel oxide, 599 

Sintering zinc ore, 447 

Slag, spelter direct from, 468 

Slag-fuming recovery of zinc, 406, 442, 404, 468 

Slater process, 522 

Slime Ircatmcnt, copper, 220, 269, 378 
furnace, 224 
lead, 374 
tin, 225 

Sliming methods, Ra ores, 644 
Smelting (see Blast furnace; Ore hearth, Rcvoi- 
beratory furnace; Retorts; also metals listed 
separately) 

Sodium, 75 
alloys of, 79 
metallurgy, 75, 81 
occurrence, 74 
in Pidgeon process, 76 
prices, 79 
production, 79 
usts, 82 

in zinc electrolytes, 420 
Softening lead, 194 
Colcord process, 197 
dross from, 208 
furnaces for, 193 
Harris process, 197 
Soldering alloy's, 38 
Solution purification, copper, 267 
gold, 282 
zinc refining, 402 

(See also Hydrometallurgy of copper) 
Solvents, for copper in ore, 350 
Soot machines, 500 
Specifications, pig lead, 145 
Spelter from slag, 468 

(See also p 3 'romctaUurgy of zinc) 

Sperri*- electrolytic process, white lead, 150 
Split-draft roasting, 387 
Stack lines and stacks, Hg, 499 
Stainless steels, 560 
Starring of antimonj', 124, 132 
Starting sheet manufacture, Cu, 258 
Ni. 600 
Pb, 377 


Steels, chromium, 558 
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btecla nickel 612 
gtaiftlese 560 
StelUtc 558 
StetefeW l>r<H*CM 5 ^l 
StraigH lino niolditiii maclilne, Tb, 200 
StnpiaDg eqmpmtnt Zii, 418 
6 ttonUuro ,93 
metallurgy elcctroljtic, 03 
tbermal 93 

proiluction and laytea 95 

UKCS of 93 

Subtimod white lead 151 
bubsilicatea (slaga) dchncil, 228 
Sulphate roasting 222 338 392 4IW C03 
Sulphate solution rccoi cry of sili er from 277 
Sulphatizing selective COu 

Sulphide ores roasting and smelting (see nictabi 
listed aepsiately) 

Sulphide-sulphate-oaido reactions ITi, 152 
Sulphur effects of on cojipcr 274 
Sulphur Hank CCalii ) tvuvckjil'cr plant, 509 
Sulphur dichlonde as chlon direr 548 
Sulphur dioxido leaching COU 
bulpburioacid Icachiug (sre metals listed sepa- 
ratelj ) 

Sulphurie^aaKl parting 27u 
uiimitonio alumina jirocias, 12 
button fcteelc bterle tables IdO 
buiuVt protww aliinuna, 12 
baeeps Jenciri 226 
bwinburtie-ttshcToft iirorew 522 
S) 1 vite, flotation of, 8 1 


Tm, Caveat process 517 
chetmeal profiertica of. 050 
cldondizuig roast, OOo 
consumption, C59 
electrolytic refining 675 
flotation of ores, COO 
graiic* of, O'lO 
leaching I m pun tics, 6C3 
Diming 602 
occurrence, 657 
ore preiiaratjoii, sum mar), 606 
phinsical projiertios of, 656 
prices, CC2 
reBning, C72. 675 
roasting ores, G04 
slag 1 melting 671 
smelling CC7 009 
•world a production ol 658 
Titanium 099 
Tone procewi, alumina 14 
Top-and bottom auielting aj7 
Trullhattaii proceas Zn, 405 
Tungsten C23 
anaty tical methoits for 630 
I il liograph} 63G 
concentration melhoila, 621, 
extraction from tho ores. 62t 
ferrotungsteu. 628 
metallic tungsten. 620 
oecurrence 623 
tungsten carbide 629 
uses of 629 

Turkej, Djmh Ka)a mine. 139 


Tainton anode 412 
oxide volatilisation 5o0 
xioc process, 380 
Tanaka alumina process 12 
Tank room notes, Cu, 2 j 8-2G9 
Pb 374 330 
Zn, m 

Tanks electrolytic, arrangement of. 259. 260 
gold hydrometallurgy 322 
mercury settling 499 
xinc, 400 
Tantalum 694 
TeUurium C9u 

Temperature. Hoasting Zn 3g9 
1 erbium 69G 

Tetroxide of antimony preparation 110 
Thallium. 696 
Thede process, Zn. 472 
Thorium, 696 

concentration methods, 698 
metallic, €98 
metallurg), 697 
uses of, 699 

Three-sone hearth furnace, Hg, 491 
Thulium, 699 
Timonoa, 107, 119 


U 

Uranium 620 
analytical methods, 623 
eoncentration methods 621 
extraction from the ores, 621 
ferrouramum, 622 
metallic uranium, 622 
occurrence 620 
precipitation of, 643 
recovery of from Ra ores, 644 
uses of. 622 
Usher process 33 1 


Vadner process, manganese 574 
kanadium, 615 

analyticaf methods for, 620 
bibliography 636 
extraction. 616, 641 

metallic, 618 
occurrence CIS 
ores, 616 
precipitation, 643 

recov ery of from uranium ores, 644 
roscoehte, 016 
uses of 619 

Veimaes treatment of Un-^g ores 577 
\ertical wheel easting maelune 201 
\ictonum, 700 

Tolatiluation processes for aluBimum tUorwr 
530 534 


Tin, 656 
alloys, 657 

analyses of principal brands 661 
assay methods, 675 
bibliography, 679 
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Volatilization processes for aluminum chloride. Zinc, burning, 461 


tor antimony, 112, 114 
for chlorine, 544 
Voltage in zinc electrolysis, 420 

W 

Waelz process, 441, 464, 550 
Washer, gas, Long Deeley, 467 
Washoe process, 339 
Weaton-Najarian zinc condenser, 467 
Wedge furnace, Zn. 384, 385 
Weldon chlorine process, 572, 573, 575 
Wescoti process, Ni, 605 
Wcstling process, manganese, 576 
Wet chlorine-gas processes, 551 
Wet methods for slime treatment, 225 
Wetherill process, Zn, 462 
White gold, 290 

Wilkins Poland process, Zn, 468 
Wilm’s alloys (Al), 26 
Wiluna gold mine, Australia, 135 
Wohlwill process, Au, 282 
Workmen in tank rooms, care of, 419 

y 

Y-aUoy8(Al) 27 
Ytterberium, 700 
Yttrium, 700 

Z 

Zicrvogel process, 338 
Zinc, 444 


cathode impurities, 427 
charging retorts, 456 
coal consumption, 454 
concentrate roasting, 393 
condensation, 455 
continuous distillation, 465 
distillation, 449, 465 
drying concentrates, 445 
dust collecting, 448 
fuming, 442, 461, 464, 468 
furnace types, 450 
furnace for zinc crust, 218 
metal drawing, 458 
N. J. Zinc Co., process, 466 
plant layout, 451 
reduction in retorts, 455 
refining, 460 
retort charging, 456 
retort residue, 459 
retorts, 450 
roasting, 445, 447 
St. Joseph Lead process, 467 
sintering ore, 447 
slag fuming, 442, 464, 468 
Trollhattan process, 465 
Waelz process, 441, 464 
Wetherill process, 462 
{See also Electrolytic zinc) 
Zinc crust, furnace for, 218 
treatment of, 208, 216 
Zinc dust, 432, 433, 458, 461 
as precipitant, 328, 403 
Zirconia crucibles, 325 
Zirconium, 699, 670 
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